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Abstracts

Monday, January 22, 2018

Plenary Session

Plenary Session

Room: Coquina Salon D

Session Chairs: Jingyang Wang, Shenyang National Laboratory for
Materials Science, Institute of Metal Research, Chinese Academy
of Sciences; Manabu Fukushima, National Institute of Advanced
Industrial Science and Technology (AIST)

8:50 AM

(ICACC-PLEN-001-2018) Tiny Bubbles: An Innovative Ceramic
Opens New Opportunities in Medicine, Security, Energy, and
Environmental Remediation

G. Wicks*'
1. CTO, Applied Research Center, USA

Tiny Bubbles or Porous Wall Hollow Glass Microspheres
(PWHGMs), represent an example of Multi-use Technologies.
The technology was originally developed for nuclear applications at
the Savannah River National Laboratory and now is being further
advanced and tailored for a multitude of new uses in other fields and
disciplines. This work is currently being conducted at the Applied
Research Center (ARC) in Aiken SC, as well as at a new biotech spin
off company, SpheroFill, LLC. Among the interesting initia-
tives are applications of tailored PWHGMs in medicine (ex. drug
delivery platforms, contrast agents, tissue augmentation, laryngeal
use), security (ex. non-proliferation, anti-counterfeiting), energy
(ex. hydrogen storage, batteries), and environmental remediation
(ex. CO2 sequestration). The PWHGMs are tiny hollow glass micro-
spheres or micro-balloons about 1/3 the diameter of a human hair.
They range in size from a few to 100 microns in diameter, and have
thin outer shells approximately 1-2 microns thick. The most unique
feature that distinguishes these microspheres from others, is that a
continuous, through-wall porosity is induced via phase separation
and subsequently controlled on a scale of 100 to 1,000 Angstroms.
This provides pathways from the outside of the microspheres to
their interior, and allows the tiny glass cocoons to be filled with
cargos of interest, including solids, liquids and gases. The cargos or
payloads can then later be released on demand. The development
of these unique materials and some of the exciting new applications
being studied will be discussed.

9:30 AM

(ICACC-PLEN-002-2018) Strategies for searching for damage
tolerant ceramics: from MAX phases to MAB phases

Y. Zhou*'
1. Aerospace Research Institute of Materials & Processing Technology, China

Transition metal carbides, nitrides and borides are potential
materials for extreme environment applications. However, the
brittleness and defect sensitivity are main obstacles to their appli-
cations. Formation of nanolaminated structures like MAX phases
(M,,,AX,, where M is an early transition metal, X is carbon or
nitrogen, A is a III,-VI, group element, n=1-6) has been proven to
be an effective approach to overcome the brittleness of transition
metal carbides and nitrides. These materials are characterized by a
transition metal carbide or nitride M,,,, X, layer interleaved by a close
packed A-group element layer, which exhibit a unique combination
of the merits of both metals and ceramics. These properties have
been proven to be underpinned by the diverse chemical bonding.
The continuous discovery of new members and properties, and new
applications of MAX phases engenders an enormous interest in
searching for materials with similar structure and properties. In this
presentation, the multi-scale structural features and the applications
of MAX phases will be introduced first. Then strategies for searching

*Denotes Presenter

for new layer structured damage tolerant ceramics will be proposed.
Finally, the structure and properties of Cr, Si, Al or Y containing
new layer structured materials including MAB phases, (MC),AL;C,,
(MC),Al,C, and(MC),[Al(Si)],C, phases will be described.

10:40 AM

(ICACC-PLEN-003-2018) Research. Why? For whom? How?
R.J. Brook*!

1. University of Oxford, Dept. of Materials, United Kingdom

The motives for undertaking research are many and diverse, but
three major driving forces can be identified; these are presented.
The relationships between research sponsor and research performer
are similarly of many different types. The one between researcher
and government is, however, particularly prevalent; the ambitions
of the two sides are not always parallel and risks then arise for the
shared enterprise. Rules for the judgement and support of research
are reviewed and some thought is given to the approaches which can
be taken by the researcher in search of true originality.

11:20 AM

(ICACC-PLEN-004-2018) 3D Microstructure is the “Know it All” -
Advanced Classification and Quantitative Analysis including
Data Mining and Deep Learning Methods

F. Muecklich*!

1. Saarland University and Materials Engineering Center Saarland, Dept.
Mat.Science & Engineering, Germany

The term microstructure refers to the complete “internal” struc-
ture of a material on the micro, nano and atomic scales. On one
hand it records de facto, the entire history of material’s processing
procedures through its phase composition, defect structure and
microstructural morphology. On the other hand, almost all proper-
ties are predetermined by the microstructure. Thus, it can be seen as
the “multi-scale archive” from which we can “read” at each relevant
scale the precise information about the genesis of microstructure
formation processes as well as predict the final material properties.
Recent advances in 3D tomography methods on the micro, nano
and atomic scales allow not only for higher local resolution but also
for correlative combination of microscopic techniques in order to
investigate microstructures with higher morphological and topolog-
ical complexity, which is very crucial for modeling and quantitative
understanding of high performing materials in the future. In our
daily experimental work but also in commercial quality control, the
best possible classification of microstructures by individual experts
using image analysis tools is the typical procedure, which convoys
our investigation.

S1: Mechanical Behavior and Performance of
Ceramics & Composites

Wear, Errosion, Oxidation and Shock

Room: Coquina Salon D

Session Chairs: Jonathan Salem, NASA Glenn Research Center;
Richard Todd, University of Oxford

1:30 PM

(ICACC-S1-001-2018) Nanoscale Wear of Ceramics by In Situ
TEM Scratch Testing

E. D. Hintsala*'; D. D. Stauffer'; S. Asif'

1. Bruker NI, R&D, USA

A 2D MEMS based transducer designed to operate in situ TEM was
recently developed for use with the Hysitron PI 95 Picolndenter.
This allows for simultaneous measurement of normal and lateral
forces, with sub-nm displacement resolution and sub-uN force
resolution. Such an instrument opens possibilities for fundamental

42nd International Conference & Exposition on Advanced Ceramics & Composites 15



Abstracts

studies into nanoscale tribology, including friction, adhesion and
wear, by coupling high resolution mechanical data with TEM
imaging to help understand deformation mechanisms. In the case of
ceramics, nanoscale wear mechanismes, i.e., formation of the initial
damage layer is of interest for multi-scale modelling to better predict
material behavior, particularly for geological materials. The indi-
vidual defect nucleation and propagation of cracks, and potentially,
dislocations can be studied in the context of material volume
removal. This allows important comparisons against atomistic scale
simulations, furthering the goal of understanding wear resistance in
terms of fundamental mechanical properties, such as hardness and
fracture toughness.

1:50 PM

(ICACC-S1-002-2018) Novel Benchtop Technique to Study the
Behavior of High Friction Materials for Brake Applications

G. Ramirez*'; S. Shaffer'; C. Greening’; P. Filip’; K. Farokhzadeh'

1. Bruker Nano Surfaces, USA
2. Greening Test Laboratories, USA
3. Southern Illinois University Carbondale, USA

Development of new generation of materials for automotive brake
applications comes with many challenges including formulation
of materials that meet the demanding performance expectations,
cost reduction and compliance with environmental regulations.
Evaluation techniques, such as the dynamometer are fully devel-
oped, but the cost and time of preparing materials for component
level tests are high. Here we present a technique that allows one to
characterize the tribological performance of small samples made
of friction materials in a precise and rapid manner, while moni-
toring key parameters like friction, temperature and wear. We
show the results of the characterization of materials that were eval-
uated using an industry-standard dynamometer test (SAE ]J2522),
and the comparison of those against a benchtop technique (Bruker
UMT-TL). The testing conditions were extracted from the dyna-
mometer tests, and implemented on the benchtop test, using same
ranges of contact pressures, temperatures, and linear speed and
acceleration. The results of these experiments indicated that this
technique can rank materials in similar way as the dynamometer,
and providing more information of the material behavior, like easy
collection of debris and observation of stick-slip behavior, making
this technique a complementary and valuable tool to study funda-
mental phenomena in brake material friction and wear.

2:10 PM

(ICACC-S1-003-2018) Niobium Carbide NbC as cutting tool
material and for wear protection

M. Woydt*'; H. Mohrbacher? J. Vleugels’; S. Huang’

1. BAM Federal Institute for Materials Research and Testing, Germany

2. Niobelcon bvba, Belgium

3. Katholieke Universiteit Leuven, Department of Metallurgy and Materials
Engineering (MTM), Belgium

The present paper illuminates the metallurgical progress on niobium
carbide based hard metal developments, which are characterized by:
a.) the substitution of cobalt binder by nickel, b.) the change from
SPS to conventional sintering and c.) by switching from lab to pilot
scale. The toughness was increased in the frame of these devel-
op-ments without loosening the hardness level. Stoichiometric and
sub-stoichiometric, submicron NbC powders were used. The hard-
ness-toughness profile of NbC grades match those of WC and cermet
grades. Apart from the aforementioned parameters, the proper-
ties depend from the powder processing and sintering conditions.
The functional profile of NbC and WC grades bonded by cobalt
and nickel are benchmarked by 4-point bending strength, elastic
moduli and hot hardness until 1000C, dry sliding wear (T= 22/400C;
v=0.1-10 m/s), abrasive wear (G65) and cutting performances under
emulsion and coolant-free turning and milling against different
alloys (C60, 100Cr6, 42CrMo4, X90CrMoV18, 300WA, GG35).
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2:30 PM

(ICACC-S1-004-2018) Assessment of time-temperature
equivalence for hydrothermal ageing of zirconia using a fast,
stepwise procedure

L. Gremillard*'; C. Wei'; J. Chevalier’; K. Hans% T. Oberbach?

1. INSA, Materials, Engineering and Science, France
2. Mathys Orthopaedie GmbH, Germany

Hydrothermal ageing of zirconia is an important issue impacting
both the lifetime and functionnality of zirconia-based ceramic
components. Hydrothermal ageing can be defined as a transfor-
mation, triggered by the presence of water, from the metastable
tetragonal phase to the stable monoclinic phase. The mechanism
of hydrothermal ageing is the same between room temperature and
~150°C. Moreover, hydrothermal ageing is thermally activated,
and can thus be evaluated at temperatures higher than the usage
temperature and extrapolated to usage (room or body) temperature.
This procedure requires the measurement of whole ageing kinetics
at different temperature, usually between 100 and 134°C. This can be
time consuming especially if one wishes a high-precision extrapola-
tion and uses low temperatures. Besides, this procedure requires at
least one sample per test temperature. Ageing being considered as a
cumulative damage, we propose here a much faster procedure based
on the measurement of partial kinetics at different temperatures
on one single sample. This new procedure can be ten times faster
than the usual one, and only requires a single sample. We will show
itsapplication on several zirconia and zirconia-toughened alumina
materials. A discussion around the reliability and the usefulness of
this procedure will be presented.

2:50 PM

(ICACC-S1-005-2018) Quantitative estimation of hydration layer
during chemical mechanical polishing of glass

S. Suda*’; T. Sugimoto'; S. Kawasaki'

1. Shizuoka University, Engineering, Japan

Cerium oxide (ceria) is widely used as abrasives for polishing glasses.
Ceria particles have relatively low mechanical strength, but they
show extremely high removal rate and result in scratch-free surface.
This high polishing performance of ceria abrasives is derived from
chemical reactions during polishing that is generally referred to as
chemical mechanical polishing (CMP). Chemical factor of CMP
(chemical polishing) would generate hydration layer on the surface
of glasses during polishing, and the other factor of mechanical would
then sweep the hydration layer off the glasses. The formation rate
of hydration layer derived from the chemical polishing would be a
dominant parameter to make scratch-free ultra-smooth glass effi-
ciently by polishing. We then prepared the polishing model that it is
possible to estimate slurry resistivity and the interfacial area specific
resistance (ASR). The hydration layer formed as a result of the shear
stress during polishing but was independent of polishing loads.
The formation rate of hydration layer was increasing with increasing
lanthanum concentration dissolved in ceria lattice. Redox of Ce*'/
Ce’™ would play a major role for the formation of hydration layer by
the chemical factors of CMP. This redox accompanies the process of
the charge transfer at glass/slurry interface. Electron charge carrier
would be important role in chemical polishing.

3:30 PM

(ICACC-S1-006-2018) Boron Effects on Sodium Sulfate-Induced
Hot Corrosion of SiC

L. A. Herweyer*'; E. J. Opila'

1. University of Virginia, Materials Science and Engineering, USA

Boron effects on the Na,SO, —induced hot corrosion of SiC were
explored to fundamentally understand how BN interphases in SiC
ceramic matrix composites (CMCs) will influence these materials. To
isolate the underlying mechanism, the complex architecture of SiC
CMCs was modeled by depositing a planar 600 nm thick BN coating
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on commercially sintered SiC (Hexoloy™). Controlled amounts of
Na,SO, salt were then applied as films on specimen surfaces. Time
dependent hot corrosion experiments were conducted from 0.75h-
24h at 800°C and 1000°C, while temperature dependent experiments
were conducted at 24h from 700°C-1100°C, all in a flowing 0.1%
SO,/0, gas mixture. After exposure, bench top weight change, SEM,
EDS and XRD were used to characterize the specimens. Corrosion
products were removed using HF and the Si, Na, B and S contents
of the corrosion products were chemically analyzed using induc-
tively coupled plasma optical emission spectroscopy (ICP-OES).
Optical profilometry was additionally used to quantitatively assess
the surface attack features resulting from hot corrosion. It was found
that hot corrosion occurred below the melting point of Na,SO,
(T,,=884°C), to temperatures as low as 750°C, and that two distinct
hot corrosion morphologies occurred below and above the melting
point of Na,SO, due to the presence of Boron.

3:50 PM

(ICACC-S1-007-2018) Erosion Behavior in an Oxide/Oxide
Ceramic Matrix Composite

M. J. Presby*'; N. Kedir'; L. Sanchez'; C. Gong'; D. Faucett'; S. R. Choi'
1. Naval Air Systems Command, USA

The erosion behavior of ceramic matrix composites (CMCs) is
markedly different from traditional monolithic ceramic materials
due to their unique architectural configurations. As CMCs are
further implemented into aero engines, the need to characterize their
erosion behavior arises as these materials can be subjected to erosive
environments. The erosion behavior of an N720/alumina oxide/
oxide CMC was characterized at ambient temperature as a function
of particle type, size, and velocity. The erosion damage was quan-
tified with respect to the erosion rate, and the damage morphology
was characterized via SEM and optical microscopy along with
3D image mapping. Post-erosion residual strength testing was
performed in flexure to quantify the severity of the erosion damage.

4:10 PM

(ICACC-S1-008-2018) Effects of Ablation Products on Expanding
Hypersonic Flows

B. Donegan*'; R. Greendyke'; R. Ravichandran’ S. Lewis’; R. Morgan®
T. McIntyre’

1. Air Force Institute of Technology, Department of Aeronautics and
Astronautics, USA

2. The University of Queensland, Centre for Hypersonics, Australia

3. The University of Queensland, School of Mathematics and Physics,
Australia

Thermal protection is required for vehicles entering planetary atmo-
spheres to protect against severe thermal and mechanical loads.
Despite decades of research, our understanding of the gas-sur-
face interaction of high-temperature materials remains limited.
Uncertainties in engineering models used to predict heating and
aerodynamics can lead to large factors of safety when determining
the thickness of the TPS. Much of this uncertainty is due to the
inability to accurately predict heating and ablation rates, particularly
of the afterbody. Though afterbody heating rates are much lower
than forebody values, uncertainties in the prediction of these values
is significantly higher with radiative heating identified as a major
contributor. The uncertainty in predicting afterbody heating is due
to the complexity of the flowfield in the wake region. In this study,
numerical simulations were conducted using the LAURA flowfield
solver coupled to ablation and radiation models. Data from exper-
iments performed at the X2 expansion tunnel at the University of
Queensland were compared to the simulations. Preheated strips
of carbon-carbon and silicon carbide-coated carbon-carbon were
mounted in a two-dimensional compression wedge and tested in
8.5 km/s Earth entry flow. Calibrated spectral measurements were
obtained in the expansion region targeting atomic silicon and CN
violet bands for surface temperatures of 1500 - 2700 K.

*Denotes Presenter

4:30 PM

(ICACC-S1-009-2018) Fracture evaluation of ceramic insulating
substrate subjected to cyclic heating

S. Honda*'; T. Ohno'; Y. Daiko’; T. Ideno? F. Momose®; Y. Iwamoto’

1. Nagoya Institute of Technology, Japan
2. DOWA Power Device Co., Ltd., Japan
3. Fuji Electric Co., Ltd., Japan

The resistance of thermal fracture of aluminum nitride insulated
direct copper bonding (DCB) substrate was evaluated by the newly
developed heat cycle testing system. Crack initiation and prop-
agation was detected by monitoring acoustic emission, and the
deformation of DCB substrate was measured by LVDT during heat
cycle testing. The number of heat cycle on fracture was evaluated
using DCB substrates which have various thicknesses and patterns
of copper plate. The crack initiation was not the timing of rapid
temperature change, but the cooling state in about room tempera-
ture when the temperature distribution in the substrate was almost
uniform. The number of heat cycle on fracture in DCB substrates
was dependent on the thickness of copper plate. The thermal frac-
ture of DCB substrates was caused by the change during heat cycles
of residual stress that was generated in the bonding of copper and
ceramics. This work was supported in part by NEDO, Japan.

4:50 PM

(ICACC-S1-010-2018) Mechanical properties and thermal shock
resistance of Si;N,-BN-MAS ceramics

D. Cai*; D. Jia'; Z. Yang’; Y. Zhou'
1. Harbin Institute of Technology, School of Materials Science and
Engineering, China

A novel composite ceramics with excellent mechanical properties
were fabricated by means of hot-pressing using Si;N, h-BN and
magnesium aluminum silicate (MAS) as raw materials. The influ-
ences of starting h-BN content on the microstructural evolution,
mechanical properties and thermal shock resistance of the ceramics
were investigated. h-BN flakes with layered structure can play a role
in toughening the Si;N, matrix. Composite ceramics incorporated
with 20 wt.% h-BN exhibits the highest fracture toughness of 7.37
+0.20 MPa m"”. The effect of h-BN on the thermal shock resistance
of composites were investigated at temperature differences from
600 °C up to 1400°C. The strengthening effect of h-BN and the
surface microstructural evolution of composites are responsible for
the improved thermal shock resistance of the ceramics.

S2: Advanced Ceramic Coatings for
Structural, Environmental, and Functional

Applications

Thermal Barrier Coatings - Processing & Properties
Room: St. John
Session Chair: Douglas Wolfe, Pennsylvania State University

1:40 PM

(ICACC-S2-001-2018) Three-dimensional Characterization of
Rumpling and Cracking in cyclic furnace tests of TBC

E. H. Jordan*’; P. Shahbeigi’ N. Asadi Aznjani’; S. Shahabazmohamadi’
1. University of Connecticut, Mechanical Engineering, USA

2. University of Connecticut, Institute of Materials Science, USA

3

. University of Florida, Department of Electrical and Computer
Engineering, USA

McrAlY bond coats are often assumed not to rumple. Detailed SEM
3D surface characterization will be presented that has sufficient
repeatability to demonstrate the occurrence of rumpling of MCrAlY
bond coats on bare bond coated samples during a cyclic furnace test.
The cracking of TBCs has often been predicted to be related to bond
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coat surface geometry. X-ray tomography was used to characterize
the behavior of individual cracks non-destructively. The cracking
was not characterized by progressive growth of specific cracks but
was dominated by the occurrence of multiple new cracks and then
crack linkage. Individual cracks did grow but the appearance of
new cracks dominated the area increase. In addition no relation-
ship between pre-existing bond coat geometry and the location of
initiated cracks was apparent. The implications of these results to
possible damage modeling will be discussed.

2:00 PM

(ICACC-S2-002-2018) Characteristics of Double-ceramic-layer

TBCs Fabricated by Suspension Plasma Spray

S. Kim*'; S. Lee’; Y. Oh'; S. Lee'; H. Kim'; K. Lee’ B. Jang’

1. Korea Institute of Ceramic Engineering and Technology (KICET),
Engineering Ceramics Center, Republic of Korea

2. Kookmin University, School of Mechanical Engineering, Republic of Korea

3. National Institute of Materials Science, Research Center for Structural
Materials, Japan

Rare-earth zirconates, such as La,Zr,0, and Gd,Zr,0,, have been
investigated as one of the candidates for replacing conventional
yttria-stabilized zirconia (YSZ) for thermal barrier coating (TBC)
applications at higher turbine inlet temperatures. Rare-earth
zirconate oxides exhibit little phase transformation upon heating up
to melting temperature as well as low thermal conductivity, where
as their mechanical properties are inferior to those of YSZ TBCs.
Double-ceramic-layer (DCL) TBCs have been introduced in order
to take advantage of beneficial characteristics of both YSZ and rare-
earth zirconate. In this study, the fabrication of DCL-TBCs with YSZ
layer and rare-earth-zirconate top layer by using suspension plasma
spray are reported. Microstructure, compositional profile, thermal
conductivity, and thermal durability of DCL-TBCs are character-
ized. The usefulness of these DCL-TBCs is also discussed.

2:20 PM

(ICACC-S2-003-2018) Lifetime of plasma sprayed Gadolinium-
Zirconate/ Yttria Stabilized Zirconia Thermal Barrier Coatings

C. Vorkétter™; R. Singh'; M. Tandler'; R. Vassen'; O. Guillon'
1. Forschungszentrum Juelich, IEK-1, Germany

Advanced Thermal Barrier Coatings are essential to increase the effi-
ciency of next-generation gas turbine engines. Different materials
and process technologies give the possibility to extend the lifetime
of TBCs. Ceramic Gadolinium-Zirconate/YSZ Top Coat layers have
excellent performance and can make use of the full potential of the
underlying metallic Bond Coat. Oxide dispersion strengthened
Materials used as an additional Flash Coating show a superior Bond
Coat lifetime in comparison to single layered Bond Coats. This study
investigates the thermal cycling behavior and defect mechanism of
multilayered TBCs with GZO/YSZ Top Coats on advanced ODS
Bond Coats in relation to the mechanical properties and porosity
of the layers. Furthermore diffusion and phase transformations are
analysed. The TBC is applied by atmospheric plasma spray for the
Top Coat and vacuum plasma spray for the Bond Coat.

2:40 PM

(ICACC-S2-004-2018) The Influence of Microstructural Defects
on Wear Mechanisms in Zirconia-Based Abradable Coatings

K. Bridges*'; D. R. Mumm'
1. University of California, Irvine, USA

Abradable coatings applied to turbine shrouds play an integral role
in maintaining blade tip clearances, thereby preventing unnec-
essary gas leakage and significantly increasing turbine efficiency.
As turbine material technologies advance, there is a push for the
development of abradable coatings that can withstand more severe
operating conditions and retain the optimum balance of abrad-
ability and durability. This study aims to investigate the influence
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of microstructural defects present in current technology ceramic
abradable coatings on the preferred wear behavior of these systems
to guide future design strategies. The coatings to be compared are
air plasma sprayed dysprosia- or yttria- stabilized zirconia with
varying fractions of pore former and secondary phases. The wear of
both as-received and aged coatings will be tested, and deformation
mechanisms will be reported. Links between different defects, their
evolution with aging, and observed wear behavior will be compared
with two competing definitions of desired abradable damage accom-
modation mechanisms, with one being energy dissipation through
plastic deformation and the other depending on crack propagation
and frictional sliding of the removed material to dissipate energy.

Environmental Barrier Coatings - Processing &

Properties I
Room: St. John
Session Chair: Peter Mechnich, DLR - German Aerospace Center

3:20 PM

(ICACC-S2-005-2018) Processing effects on characteristics of
rare-earth silicates for considerations as environmental barrier
coatings for ceramic composites

E. Garcia Granados'; H. Lee'; S. Sampath*'
1. Stony Brook University, Center for Thermal Spray Research, USA

The severe working conditions that are foreseen for forthcoming
power generation and aircraft/spacecraft turbine engines in order to
increase their thrust and efficiency make ceramic-matrix compos-
ites (CMCs) the cornerstone to meet these stringent requirements.
The performance of CMCs based on SiC is hindered by Si volatiliza-
tion caused by the combustion atmosphere. The envisioned solution
is protecting the CMCs based components with environmental
barrier coatings (EBCs). Ceramic compositions with low thermal
expansion coefficient and stable in water vapor atmospheres have
been explored; barium-strontium aluminosilicate (BSAS), rare earth
silicates. Atmospheric Plasma Spray (APS) stands out among other
deposition techniques due to its versatility and cost/deposition effi-
ciency. The main bottleneck for their application is the processing of
these materials as dense, crystalline crack-free coatings. The present
work seeks to understand the process — microstructure — property
relationships in plasma sprayed rare earth silicate coatings through
subjecting the materials to a deliberate choice of processing condi-
tions to engender different thermal and kinetic energies as well as
deposition temperatures in sprayed particles, evaluating the crys-
talline nature (XRD, DTA), microstructure (SEM) and chemical
composition (EDS) of the obtained coatings.

3:40 PM

(ICACC-S2-006-2018) Current EBC Development and Testing at
NASA

K. N. Lee*'; D. Waters'; B. Puleo’
1. NASA Glenn Research Center, Materials, USA

SiC/SiC Ceramic Matrix Composites (CMCs) are a game changer for
advanced gas turbines because of their high temperature capability,
oxidation resistance, and light weight that translate to significant
reduction in fuel consumption and emission. Water vapor is highly
detrimental to CMC durability by causing rapid surface reces-
sion and oxidation. Environmental Barrier Coating (EBC) is an
enabling technology for SiC/SiC CMCs by protecting SiC from water
vapor-induced degradation. The first CMC component entered into
service in 2016 in a commercial engine and more CMC compo-
nents are scheduled to follow. The introduction of CMCs represents
significant challenges as failure of the EBC means rapid reduction in
component life. A robust and long life EBC, a reliable lifing method,
and engine-relevant testing methods to validate life need to be devel-
oped. This paper will discuss current activities in EBC development
and testing at NASA.
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4:00 PM

(ICACC-52-007-2018) Environmental Durability of Environmental
Barrier Coatings Deposited Via Plasma Spray-Physical Vapor
Deposition

B.J. Harder*'; K. Lee'; S. Kalluri?

1. NASA Glenn Research Center, USA

2. Ohio Aerospace Institute, USA

Gas turbine engine efficiencies are heavily influenced by combus-
tion temperature and component cooling requirements which has
resulted in the use of silicon-based ceramics such as SiC over tradi-
tional superalloys. However, environmental barrier coatings (EBCs)
are needed to protect these materials in combustion conditions and
operating temperatures of 1482°C may require advanced processing
methods. Plasma Spray- Physical Vapor Deposition (PS-PVD) is a
hybrid technique that can tailor microstructures and compositions
to optimize performance. PS-PVD EBCs of Yb,Si,0, were ther-
mally cycled in a steam environment (90% H,0/0,) at 1426°C and
heated with a high heat flux laser to a surface temperature of 1482°C.
Samples were alternated between isothermal steam for oxida-
tion and laser gradient heating in air for thermomechanical effects
to determine combinatorial degradation mechanisms. Coating
morphology and oxide layers were analyzed with electron micros-
copy, and composition and crystal structure were tracked with X-ray
diffraction.

4:20 PM

(ICACC-S2-008-2018) Development of yttrium and ytterbium
silicates from their oxides and an oligosilazane for coating
application to protect Si;N, in hot gas environments

M. Lenz Leite*'; G. Barroso'; W. Krenkel'; G. Motz'

1. University of Bayreuth, Ceramic Materials Engineering, Germany

Environmental barrier coatings (EBC’s) are required to protect Si;N,
against hot gas corrosion and enable its application in gas turbines.
Among which, rare-earth silicate-based EBC’s stand out due to the
very low corrosion rates in moist environments at high tempera-
tures and the compatibility of thermal expansion coefficient to
Si;N, ceramics. Thus, the polymer-derived ceramic route was used
to synthesize yttrium and ytterbium silicates for basic investigations
regarding their intrinsic properties from a mixture of Y,O; or Yb,O,
powders and the oligosilazane Durazane 1800. After pyrolysis above
1200 °C in air, the corresponding silicates are already the predom-
inant phases. The corrosion behavior of the resulting composites
was tested under flowing moist air at 1400 °C for 80 h. The material
containing Yb,SiO; and Yb,Si,0, as main crystalline phases under-
goes the lowest corrosion rate (-1.8 ug cm™ h™), while the corrosion
rate of yttrium-based composites remained at least ten times higher.
Lastly, the processing of Y,0,/Durazane 1800 as well-adherent,
crack-free and thick (40 um) coatings on Si;N, was achieved after
pyrolysis at 1400 °C in air. The resulting coating consisted of an
Y,0,/Y,Si0; top-layer and an Y,0,/Y,Si,0, interlayer due to diffu-
sion of silicon from the substrate and its interaction with the coating
system.

4:40 PM

(ICACC-S2-009-2018) Modeling of Rare Earth Disilicate
Environmental Barrier Coating Degradation Through Reaction
with Water Vapor

C. G. Parker*’; R. A. Golden'; V. Tikare’; E. J. Opila'

1. University of Virginia, Materials Science and Engineering, USA
2. Sandia National Laboratories, Multiscale Science, USA

Rare earth disilicate environmental barrier coatings (EBCs) for
SiC/SiC ceramic matrix composites react with water vapor
formed in the combustion stream of gas turbine engines. This
reaction proceeds by transport of water vapor to the rare earth
disilicate surface which then reacts to form rare earth monosil-
icate and Si(OH), gas. The formation of rare earth monosilicate

*Denotes Presenter

is accompanied by a reduction in volume of approximately 25%,
creating a pore network for outward diffusion of the Si(OH), gas.
This reaction has been studied in the laboratory by exposing rare
earth disilicate EBCs in a steam-jet furnace at 1200°C for test times
of 6 — 250 hours with steam velocities of 150 - 180 m/s. SEM char-
acterization of the evolution of the rare earth monosilicate reaction
layer with time enabled the determination of the kinetics of the SiO,
volatilization and coarsening of both the rare earth monosilicate and
the pore structure. These data were used to inform a computational
hybrid Potts/diffusion model of the SiO, volatilization reaction
and microstructural evolution of the system. Implications for life
prediction of rare earth disilicate EBCs at times in excess of the labo-
ratory exposures as well as determination of the rate limiting step
of the reaction between water vapor and rare earth disilicate will be
discussed. SAND2017-8747 A

5:00 PM

(ICACC-S2-010-2018) Degradation of Ytterbium disilicate EBCs
in a high temperature steam environment

N. Rohbeck*; P. Xiao'; P. Morrell’; R. McIntyre*

1. University of Manchester, Material Science, United Kingdom
2. Rolls-Royce, United Kingdom

The development of a suitable Environmental Barrier Coating
(EBC) system is necessary for the protection of SiC/SiC Ceramic
Matrix Composites (CMCs) from water vapour recession in turbine
engines. To-date, a number of different systems have been devel-
oped to protect the SiC/SiC composite material which have met with
varying success. The most recent EBC systems to be considered are
based on rare earth silicates as they possess many of the properties
desired: well matched coefficient of thermal expansion to the SiC/
SiC material; good high-temperature stability; low water vapour
recession rates; are compatible with production ready application
technologies. This work focusses on air-plasma sprayed environ-
mental barrier coatings consisting of ytterbium disilicate deposited
onto an air plasma sprayed silicon bond coat and studies the devel-
opment of the micro- and phase- structure of the coatings from
the as deposited state and their behaviour under dry air and water
vapour thermal ageing. This study also reviews the degradation
mechanisms and the changes in stresses in the coatings measured
by X-ray methods following ageing isothermally at 1350°C in a 95%
water vapour 5% argon atmosphere for varying times.

5:20 PM

(ICACC-S2-011-2018) Formation of Yb,Si,0, layer by surface
treatment of SiC

T. Hinoki*'; S. Yanagawa'; K. Kawasaki'; F. Shinoda'
1. Kyoto University, Japan

Silicon carbide composites are utilized for a jet engine due to
excellent high temperature mechanical properties. However
environmental barrier coatings are required in particular for
high temperature steam. Ytterbium silicate is one of the candi-
date material for the coating. The Yb,Si,0, layer was formed by
surface treatment of SiC in high temperature air or steam. The SiC
was fabricated by liquid phase sintering or reaction sintering
containing Yb,O,.
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$3: 15th International Symposium on Solid
Oxide Fuel Cells (SOFC): Materials, Science

and Technology

System Design and Demonstration
Room: Crystal
Session Chair: Narottam Bansal, NASA Glenn Research Center

1:30 PM

(ICACC-83-001-2018) Overview of DOE Office of Fossil Energy’s
Solid Oxide Fuel Cell Program (Invited)

P. Burke*'; S. D. Vora'
1. National Energy Technology Laboratory, Department of Energy, USA

The mission of the U.S. Department of Energy is to ensure America’s
security and prosperity by addressing its energy, environmental
and nuclear challenges through transformative science and tech-
nology solutions. Supporting this mission is the Office of Fossil
Energy’s Solid Oxide Fuel Cell (SOFC) Program. Administered by
the National Energy Technology Laboratory, the SOFC Program is
committed to developing efficient, low-cost electricity from natural
gas or coal with intrinsic carbon capture capabilities for distributed
generation (DG) and utility-scale applications, maintaining cell
and core technology research to increase the reliability, robustness,
and durability of cell, stack, and system technology, and providing
the technology base to permit cost-competitive DG applications.
The SOFC Program maintains a portfolio of research, develop-
ment, and demonstration projects that address the technical issues
facing the commercialization of SOFC technology and a series of
increasingly larger demonstration projects intended to validate the
solutions to those issues. The status of these research programs, the
status of the program’s integrated systems tests, and the roadmap to
deploy a MWe-class natural gas fueled DG system, will be presented.

2:00 PM

(ICACC-83-002-2018) All-Ceramic SOFC Technology by Saint-
Gobain: Progress in Architecture and Performance (Invited)

A. Sarikaya*'; B. Barry'; B. Feldman'; Y. Takagi'; ]. Pietras'; S. Poizeau'
1. Saint-Gobain, USA

Saint-Gobain, the global leader in material processing and manufac-
turing innovation, creates and delivers innovative solutions to the
growing energy and environment markets. With annual sales over
$43BN, Saint-Gobain ranks among the world’s top 100 companies.
Energy generation using solid oxide fuel cells (SOFCs) is a strategic
program for Saint-Gobain. The novel all-ceramic SOFC technology
is developed and manufactured to exceed the reliability, durability
and cost targets for residential and commercial distributed power
generation applications. Ultra-thin ceramic interconnects, simplified
stack-supported design and multi-cell co-firing processes allowed
achieving substantial improvements in the operational reliability
and reduction in manufacturing cost. Unique design features of
the hot-box such as integrated current collection and gas delivery
systems are presented along with other aspects for future perfor-
mance improvements. Updates on Saint-Gobain’s SOFC technology,
including the improved performance, stable operation for extended
hours and the hot-box development are reported. Saint-Gobain’s
stack is shown to withstand thermal cycles over long-term operation,
hundreds of power cycles and realistic redox cycling. Response of
the stack to fuels simulating internal and external reforming as well
as high fuel utilizations is also presented.
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2:30 PM

(ICACC-83-003-2018) Solid Oxide Fuel Cell Development at
FuelCell Energy (Invited)

J. M. Barton*'; H. Ghezel-Ayagh'; E. Tang’ A. Torabi'

1. FuelCell Energy, USA
2. FuelCell Energy, Canada

Significant progress has been made towards the development
of Solid Oxide Fuel Cell (SOFC) at FuelCell Energy Inc. (FCE).
The genesis of the advances in the technology is rooted in scale-up
of the Company’s anode-support technology made by the TSC (Tape
Casting-Screen Printing-Sintering) Process. Cell materials develop-
ment advancements have been made in performance, endurance,
cell size (area) scale-up and cost reduction. These advancements led
to an enhanced cell performance by reducing cell ASR (Area Specific
Resistance) while reducing cell cost through cell design changes
and materials reduction. Scaled-up cell size of up to 1000 cm2 have
been made and tested with the current baseline cell size of 550
cm?2 as the standard unit size for building SOFC stacks. The base-
line stack design has been successfully scaled-up from 120-cell 550
cm?2 cell area (16 kW nominal) stack. Using standardized manifolds
and gas-electrical interconnects, these stacks have been successfully
integrated into stack towers and arrays. FCE recently designed,
built, and tested a 50 kW fully automated SOFC system under a
Co-operative Agreement with Department of Energy. In a follow-on
DOE supported project, currently, FCE is engaged in design and
construction of larger 200kW units that utilize baseline factory-built
stack blocks representative of the future MW-scale power plants.

3:00 PM

(ICACC-S3-004-2018) Development of Portable Solid Oxide Fuel
Cell System Driven by Hydrocarbon and Alcohol Fuels (Invited)

H. Sumi*'; T. Yamaguchi'; H. Shimada'; Y. Fujishiro'; M. Awano'

1. National Institute of Advanced Industrial Science and Technology
(AIST), Japan

Solid oxide fuel cells (SOFCs) can, in principle, directly use not only
hydrogen but also hydrocarbon and alcohol fuels such as methane,
propane, butane, and ethanol. National Institute of Advanced
Industrial Science and Technology (AIST), Japan has developed
anode-supported microtubular SOFCs with high power density
via the New Energy and Industrial Technology Development
Organization, Japan (NEDO) project entitled “Advanced Ceramic
Reactor Research Project” in FY2005-2009. Then, we devel-
oped microtubular SOFC stacks, and demonstrated a proto-type
portable SOFC system via NEDO project entitled “Technology
Development for Promoting SOFC Commercialization” in FY2013-
2014. The microtubular SOFCs using nickel-gadolinia doped ceria
(Ni-GDC) anode can be operated continuously for more than 24 h
in butane at S/C = 0.044 and 610 °C. However, The Ni-GDC anode
deteriorated for 15 h and 2 h at S/C = 0.044 in butane at 660 °C and
710 °C, respectively, due to carbon deposition. In the present work,
internal partial oxidation reforming of butane and steam reforming
of ethanol were investigated for microtubular SOFCs supported on
Ni-GDC anode. And, the second 100 W-class proto-type portable
SOFC system driven by liquefied petroleum gas (LPG) and ethanol
fuels was demonstrated.

*Denotes Presenter
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System Design and Demonstration / High

Temperature Electrolysis and rSOC
Room: Crystal
Session Chair: Jeffry Stevenson, Pacific Northwest National Lab

3:50 PM

(ICACC-S3-005-2018) DEMOSOFC Project: Results From an
Industrial-Size Biogas-Fed SOFC (Invited)

M. Santarelli*'; M. Acri’; U. Fausone®; E. Fontell; M. Gandiglio'; S. Giarola’;
T. Hakala*; A. Hawkes®; J. Kiviaho®; A. Lanzini'; E. Lorenzi’* M. Rautanen®

Politecnico di Torino, Italy

SMAT, Italy

Risorse Idriche, Italy

CONVION, Finland

Imperial College, United Kingdom

6. VTT Technical Research Centre of Finland, Finland

The EU-funded DEMOSOEC project (www.demosofc.eu) aims to
demonstrate the technical and economic feasibility of operating a
174 kWe SOFC in a wastewater treatment plant (WWTP). The fuel
for the three SOFC modules (3x58 kWe) is biogas, which is avail-
able on-site from the anaerobic digestion of sludge collected from
the treated wastewater. A heat-recovery loop allows to recover useful
thermal energy from the hot SOFC exhaust gases (90-100 kW'th),
transferred through a water loop to the sludge. The integrated
biogas-SOFC plant includes three main units: 1) the biogas clean-up
and compression section; 2) the three SOFC power modules, and 3)
the heat recovery loop. Main advantages of the proposed layout is
the net electric efficiency of the SOFC, which is in the range 53-55%,
and the near-zero emissions in terms of NOx, SOx, VOC, PM.
The presented works aims to present results from the first months
of operation of the DEMOSOFC system, by showing results in terms
of plant electrical production and thermal recovery, integration with
the existing plant and loads coverage, performance of the biogas
purification unit. The data analysis will lead to first evaluations in
terms of criticalities and advantages of biogas-fed SOFC in indus-
trial plants. Furthermore, economic and business perspective will be
presented for the proposed plant concept.

vk » =

4:20 PM

(ICACC-S3-006-2018) Development of Solid Oxide Metal-air
Redox Battery for Stationary Energy Storage - A Progress
Report (Invited)

K. Huang*'
1. University of South Carolina, Mechanical Engineering, USA

Cost-effective and large-scale energy storage technologies are a key
enabler of global grid modernization. Viable energy storage solu-
tions can greatly enhance the resilience of the electric grid while
preserving its reliability. Energy storage technologies currently
being researched, developed and deployed for grid storage appli-
cations include pumped hydro and compressed-air energy storage,
high-speed flywheels, superconducting magnetic inductors, elec-
trochemical capacitors, traditional and advanced batteries (e.g.,
lead-acid, metal hydrides, lithium-ion, high-temperature sodi-
um-sulfur, redox flow, and metal-air). Significant advances in
materials and designs are still needed for batteries to realize their
full potential in advanced energy storage. This presentation reviews
recent development of a newly discovered rechargeable solid
oxide metal-air battery that combines a regenerative solid oxide
fuel cell (RSOFC) and iron/iron oxide redox couple energy store.
The RSOFC serves as the electrical discharger/charger, operating
between the fuel cell and electrolysis modes, respectively, while the
iron/iron oxide redox couple stores the oxygen shuttling between
the anode and redox couple mediated by H,/H,O oxygen shuttling
gas. A brief history and key energy storage characteristics of the new
battery under a variety of conditions are particularly presented.

*Denotes Presenter

4:50 PM

(ICACC-$3-007-2018) High Performance Solid Oxide Electrolysis
Cells (SOECs) for Hydrogen Production

N. Osada*'; M. Yoshino'; T. Kameda'
1. Toshiba Corporation, Power and Industrial Systems R&D Center, Japan

Solid oxide electrolysis cells (SOECs) are expected to provide the
highest efficiency of electrolytic production of pure hydrogen,
owing to the lower applied voltage due to favorable thermodynamic
and kinetic conditions. Furthermore, the Solid Oxide Cells can be
operated reversely as solid oxide fuel cells (SOFCs) to generate elec-
tricity with high efficiency. We have developed high performance
SOECs and evaluated the durability with single cells. In this study,
the degradation factors and mechanisms were investigated and it
became clear that the SOEC degradation was caused by undesir-
able solid state reaction between oxygen electrode and electrolyte.
The results in detail will be shown in our presentation. A part of this
study is carried out in a project commissioned by the New Energy
and Industrial Technology Development Organization (NEDO).

5:10 PM
(ICACC-S3-008-2018) SOC co-electrolysis operation

M. Kusnezoff*'; S. Megel'; N. Trofimenko'; M. Jahn'; E. Reichelt';
A. Michaelis'

1. Fraunhofer IKTS, Germany

The efficient high temperature electrolysis is of high interest for
potential application in a renewable energy system. The possibility
to use high temperature heat for the electrolysis reaction makes the
SOEC technology an attractive option for the integration in process
concepts for the production of valuable chemicals from renewable
energies. Moreover, the SOEC allows for the electrolysis of water
and carbon dioxide in a so-called co-electrolysis. The produced
syngas from co-electrolysis can be used directly in a subsequent
synthesis step, e.g. a Fischer-Tropsch synthesis. The development
of such power-to-product processes as well as of necessary compo-
nents are in focus of current research activities in Europe. The main
component is the high temperature electrolyzer (SOEC). CFY stack
technology allows for the proof of concept for different operation
options utilizing adjusted electrodes on electrolyte supported cells.
This stack technology can be applied for SOFC, SOEC and reversible
operation (rSOC) and establishes an universal platform for different
applications. Performance maps of a MK352 CFY stack in steam
(H,0) and H,0/CO, electrolysis operation show a difference in elec-
tric power demand of less than 5 %. This low excess power demand
of co-electrolysis together with the advantages of direct syngas
production makes it promising for highly efficient integration within
a process concept for the production of valuable hydrocarbons.

5:30 PM

(ICACC-S3-009-2018) Performance Test for Anode-supported

and Metal-supported Solid Oxide Electrolysis Cell under

Different Current Densities

S. Wu'; J. Lin'; W. Shiu’; C. Liu*'; T. Lin'; R. Lee'; H. Ting'; H. Lin’

Y. Cheng'

1. Institute of Nuclear Energy Research, Nuclear Fuels and Materials
Division, Taiwan

In this study, a proprietary apparatus developed by INER was used to
assess the hydrogen production for anode-supported and metal-sup-
ported solid oxide electrolysis cells (SOECs) under different current
densities at elevated temperatures. Two types of home-made
solid oxide fuel cell (SOFC): anode-supported cell (ASC) with
the configuration of NiO-YSZ||YSZ||YSZ-LSM, metal-supported
cell (MSC) with the configuration of Ni-Mo||NiO-YSZ||NiO-
GDC||LDCJ||LSGM]|LDC||SDC-SSC, were tested under SOEC mode.
Additionally, a commercial available ASC type SOFC was measured
as a benchmark for comparing the electrolytic performance. All the
cells were in the same size of 10x10 cm?, and the performance tests
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were conducted with single cell at 700, 750, and 800 °C, respectively,
under the gas flow of 2000 sccm air at the air electrode and 805.3
sccm 90%H,0/10%H, mixture at the hydrogen electrode. Results
indicated that the electrical efficiency for both ASC and MSC oper-
ated under SOEC mode increase with increasing the current density
applied at elevated temperatures. However, the H,O/H, ratio has a
lot of influence on the stability of cell voltage. The calculated elec-
trical efficiencies, which ignored the energy consumption of system
components, are 108%, 134%, and 143% for the home-made ASC,
MSC, and commercial ASC, respectively, under a current density of
350 mA/cm’ at 800 °C.

S4: Armor Ceramics - Challenges and New
Developments

Quasi-static and Dynamic Behavior I

Room: Coquina Salon F

Session Chairs: Jerry LaSalvia, Army Research Laboratory;
Sikhanda Satapathy, Army Research Laboratory

1:40 PM

(ICACC-S4-001-2018) An Extended Mohr-Coulomb Model for
Ultrahigh Pressure Response of Structural Ceramics

G. Subhash*!
1. University of Florida, Mechanical and Aerospace Engineering, USA

The traditional Mohr-Coulomb model for brittle materials assumes
a linear increase in strength with confinement pressure. While this
model is valid for low-pressure deformation, experimental observa-
tions have revealed that the strength of a ceramic saturates beyond
a critical level. Constitutive models, such as the JH-2 (developed by
Johnson and Holmquist), for pressures up to HEL often force the
curve to take an unusual shape regardless of the experimental data.
It also fails at high pressures past the HEL, as it predicts a contin-
uous increase in strength. Further, the constants used in the model
have to be derived for each ceramic through, often expensive, exper-
iments. To overcome these limitations, an extended Mohr-Coulomb
model has been developed to capture the nonlinear pressure-depen-
dent shear strength of ceramics at pressures beyond HEL. In this
model, a single exponential curve represents the failure envelope of
all intact ceramics across a wide range of pressures with a single set
of universal empirical constants. Such a model reduces the require-
ment on experimental data. A sensitivity analysis is performed to
validate the universal constants for numerous ceramics. It is shown
that the single set of constants can capture the pressure-shear
response of a wide range of brittle materials, and that the extended
Mohr-Coulomb model out-performs the JH-2 model in most cases.

2:00 PM

(ICACC-$4-002-2018) Generation of polycrystalline
microstructures for the discretization on-the-fly of FE models for
multi-scale simulations

S. Falco*'; N. Bombace'; N. Petrinic'

1. University of Oxford, United Kingdom

The behaviour of ceramics, and more generally of brittle materials,
depends strongly upon the microstructural features that deter-
mine the initiation and propagation of crack. The difficulties in the
direct observation of the crack initiation and propagation at the
microscopic level, especially under dynamic loading conditions, as
well as the complexity in the manufacturing materials with defined
features, hinders the research of the microstructural configura-
tion with increased performance under specific loading conditions.
The in-house developed adaptive concurrent multi-scale method
offers the possibility to efficiently simulate the failure of relatively
large structures with sub-grain spatial resolution, by adaptively
combining two models of the same structure at two different scales.
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The larger (macro) scale is used to simulate the elastic behaviour of
the grain assembly. The inter-granular crack initiation and propa-
gation, however, is simulated at the lower (micro) scale which is
only activated if a certain failure condition is reached within the
single macro element. The method presented in this paper allows to
discretise on-the-fly the macro-elements with representative poly-
crystalline microstructures to simulatie the deformation and failure
of large structures under dynamic loading conditions due to crack
initiation and propagation at the grain scale.

2:20 PM

(ICACC-54-004-2018) Comparative Analysis of Response to High
Velocity Impact of New Ceramic Materials Based on High-boron
Compounds Developed at IPMS NASU

E. Kartuzov*'; V. Kartuzov'; S. Ivanov'; B. Galanov'

1. Frantsevich Institute for Problems in Materials Science NAS of Ukraine,
Ukraine

A number of ceramic materials developed and produced by
Frantsevich Institute for Problems in Materials Science, National
Academy of Sciences of Ukraine are analyzed and discussed. Boron
carbide based ceramic materials and other high-boron compounds
(AIC,B,,, AIMgB, etc.) enhanced the mechanical properties (hard-
ness, strength, crack resistance) compared to conventional ones, and
can be promising materials for use as protective components during
high-velocity impact. Applicability of such materials is determined
by both technological and economical factors as well as by their
increased resistance to penetration. On the basis of comparative
analysis of penetration models using the formalism of Alekseevskii-
Tate equation and its modifications proposed by the authors, an
indicative factor for shock resistance estimation is introduced. For
a number of materials of practical interest this factor changes within
the range of 30-70 and for the above said materials it arrives values
of ~100, which makes these materials an attractive for armor appli-
cations. The results of investigation of mechanical properties of a
number of new ceramic materials developed in IPMS are presented.
A prognosis of their ballistic properties with the introduced indica-
tive factor is made.

2:40 PM

(ICACC-S4-003-2018) Mesoscale Simulations of Boron Carbide
Subjected to Shockwave Propagation

B. Aydelotte*'; J. Sietins'; C. Hofmeister'; T. Holmquist®

1. US Army Research Laboratory, USA
2. Southwest Research Institute, USA

Boron carbide is a ceramic of great interest due to its high strength,
low density, high hardness, and of course, its tendency to undergo
amorphization during failure. Commercial boron carbide commonly
contains a variety of defects including pores, carbon inclusions, and
aluminum nitride inclusions, but what role do the defects play?
Certainly they can be failure initiation sites, but do they influence
the formation of amorphous material? In order to begin to address
this question, we have performed high resolution XCT (X-ray
computed tomography) scans to quantify the internal defect struc-
ture of samples of commercial boron carbide. Select portions of this
data were converted into a form where mesoscale simulations of
shock wave propagation could be conducted to explore the role that
defects play in the failure process. These simulations provide insight
into the effect of these defects on the local stress state during shock
wave propagation and their role in contributing to or diminishing
the formation of amorphous material.

*Denotes Presenter
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Quasi-static and Dynamic Behavior IT
Room: Coquina Salon F
Session Chair: Jeffrey Swab, Army Research Laboratory

3:20 PM

(ICACC-54-005-2018) Compression Strength of Ceramics
]. Swab*'; C. Meredith'; W. R. Gamble'

1. Army Research Laboratory, USA

The intrinsic compression strength of ceramics and glasses can be
very difficult to determine. The specimen geometry and fixture
used to apply the load, if not properly designed, can result in the
generation of tensile stresses that lead to premature fracture and
misleadingly low strength values. Often the compression strength
is inferred from hardness values but this is not appropriate for
ceramic materials. The compression strength is an input parameter
in numerous modeling and simulation packages used to predict
performance in some applications. As a result it is imperative that
the compressive strength of the candidate ceramics be properly and
accurately measured. Several ceramics and glasses were machined
into dumbbell-shaped specimens that were designed to induce
fracture from within the gage section while minimizing the stress
concentrations that can lead to the undesirable tensile stresses.
Quasi-static experiments were performed using a screw-driven
load frame and the fracture process was recorded with a high speed
camera. Dynamic experiments were performed using a split-Hop-
kinson pressure bar setup with bars having the same diameter as
the specimen and an ultra-high speed camera to record the frac-
ture process. This presentation will summarize the results to date
and identifies if a change in strain rate influences the compression
strength value.

3:40 PM

(ICACC-$4-006-2018) Novel Mechanical Response of Hard
Nanocrystalline Ceramics with Grain Sizes Below 30nm

J. Wollmershauser*'; H. Ryou?* J. Drazin’ K. Wahl’; E. Gorzkowski';
B. Feigelson'

1. U.S. Naval Research Laboratory, USA
2. American Society for Engineering Education Postdoctoral Research
Fellow sited at U.S. Naval Research Laboratory, USA

Recent leaps in ceramics processing technology has allowed fabri-
cation of dense ceramics with grain sizes well below 30nm and the
works generally reveal that hardness increases with a reduction
in grain size. However, some work suggests that hardness finds its
maximum at 30nm, while other work determines that hardness
continues to increases with decreasing grain size (at least down to
~7nm). Since ballistic performance is tied to hardness and strength,
it would be prudent to determine the intrinsic grain size-hardness
relationship in nanocrystalline ceramics from a DoD perspective.
This work uses a novel environmentally-controlled pressure-assisted
sintering approach to synthesize magnesium aluminate ceramics
with grain sizes ranging from ~4nm to ~40nm. Careful indentation
studies with an instrumented indentor reveal multiple distinct size
effect regions in the mechanical response. Furthermore, density
measurements and work-energy calculations suggest a transition
to unique strain accommodation in nanocrystalline ceramics with
very small grain sizes. Importantly, the new strain accommodation
regime appears to have different dissipative energy characteristics
than larger grain sized ceramics.

*Denotes Presenter

4:00 PM

(ICACC-S$4-007-2018) Influence of stress states during
amorphization of single crystal boron carbide

J. Ligda*’; K. D. Behler'; J. Lloyd'; V. Domnich?’ J. LaSalvia'; B. Schuster'

1. US Army Research Laboratory, USA
2. Rutgers University, USA

Spherical nanoindentation was performed on single crystal boron
carbide to delay the on-set of in-elastic deformation. A spherical tip
geometry creates a well-defined transition from elastic to in-elastic
deformation in the ceramic, and by performing tests to different
maximum loads the initiation of in-elastic deformation is controlled.
Identifying the in-elastic damage as a result of cracking or amor-
phization is done using Raman spectroscopy and scanning electron
microscopy. The degree and location of any amorphous bands under
the indents are characterized by Raman spectroscopy and transmis-
sion electron microscopy. The stress states underneath the indent are
modeled to identify if the orientation of the damage bands follows a
crystallographic direction or stress trajectories.

4:20 PM

(ICACC-54-008-2018) In-situ Investigation of Shear Induced
Amorphization in Boron Carbide with Varying B/C Ratios

V. Domnich*!; M. C. Schaefer'; R. A. Haber'
1. Rutgers University, USA

High hardness and low density make boron carbide (B,C) an ideal
candidate material for lightweight armor applications. However,
while B,C clearly outperforms other armor ceramics in ballistic
testing involving small arms ammunition, it experiences a drop in
ballistic efficiency when the high-density, high-velocity threats are
used. This observation has been linked in the literature to the loss
of shear strength in B,C, possibly related to its shear-induced amor-
phization. Amorphized B,C has been demonstrated to form in the
ballistically impacted material, as well as in the material subjected to
quasiuniaxial loading in the Diamond Anvil Cell (DAC). Further,
theoretical studies imply that shear-induced amorphization in
B,C may be mitigated if materials with higher B/C ratio, e.g., BC,
are synthesized. Here, we report on the results of the investiga-
tion of the variation in amorphization pressure threshold in boron
carbide samples with B/C ratios varying from 4 to 9, produced by
hot pressing of the B,C/B powder mixes. To achieve high deviatoric
stresses required for the activation of the amorphization mechanism,
the samples were crushed into powders and compressed in the DAC
without pressure transmitting medium. In situ Raman spectros-
copy was used for the identification of the amorphization threshold.
The recovered samples were further analyzed by means of electron
microscopy.

4:40 PM
(ICACC-S84-009-2018) Influence of Grain Size and CNT addition

on Static and Dynamic Properties and Amorphization of Boron
Carbide

M. DeVries*'; G. Subhash'
1. University of Florida, Mechanical and Aerospace Engineering, USA

To mitigate the deleterious effects of amorphization in boron
carbide, numerous strategies have been adopted: grain size reduc-
tion to nano scale, doping with second phases (e.g., Si), addition
of carbon nanotubes (CNT) etc. Here, we investigate the influence
of grain size and CNT addition on the amorphization response of
boron carbide. Indentation hardness and uniaxial compressive
strengths were determined under quasi-static and dynamic strain
rates. Micro-Raman spectroscopy was used to investigate and
spatially map the relative intensity of amorphization in each mate-
rial. It was found that both strategies, i.e., reduction in grain size and
addition of CNTs, improve the resistance to amorphization. Results
of on-going analysis using SEM and TEM will also be presented.
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5:00 PM

(ICACC-54-010-2018) High Strain Rate Multi-axial Loading
Behavior of Granular Phase Boron Carbide

X. Sun*'; A. Tonge’; K. Ramesh? J. LaSalvia’

1. Johns Hopkins University, Mechanical Engineering, USA
2. Hopkins Extreme Materials Institute, USA
3. US Army Research Laboratory, USA

Boron carbide as an advanced structural ceramic has been widely
used in applications such as armor protection due to its low density
and high strength. Plasticity in boron carbide is negligible, making it
intrinsically very brittle in which crack nucleation, propagation and
subsequent flow of granular phase are the dominant deformation
mechanisms, especially at high strain rate and complex stress states.
Granular flow within communized zone during impact has critical
effects on ballistic performance. Many experimental and modeling
efforts have been devoted to understanding of the crack mechanism,
but there has not been much of focus on the granular flow of commi-
nuted boron carbide at high strain rate. In current work, we design
and perform ultra high-strain-rate pressure-shear plate impact
experiments on a commercial boron carbide powder with an average
grain size of 0.7 micron. The granular boron carbide powder is
deformed at a shearing rate as high as 5x10° s™* with a superimposed
hydrostatic pressure at 1.4GPa. The shear stress is 240MPa. Another
pressure shear data shows a higher shear stress at 270MPa under
lower shear strain rate but higher pressure at 1.75GPa. The normal
pressure and shear strain rate effects on behavior of granular boron
carbide are examined experimentally. Post-mortem characterization
provides useful insights of mechanisms during the deformation.

5:20 PM

(ICACC-S4-011-2018) Influence of Microstructure on the
Ballistic Behavior of Alumina

B. Koch*’; C. Lo'; T. Sano* J. D. Hogan'
1. University of Alberta, Edmonton, Mechanical Engineering, Canada

2. US Army Research Laboratory, Weapons and Materials Research
Directorate, USA

Understanding how the microstructure of an advanced ceramic
affects the mechanisms of failure under high strain rate loading is
a key piece of modelling and design. In this presentation, we make
efforts towards better understanding dynamic failure mechanisms
in advanced ceramics. Two grades of alumina are characterized
through use of techniques such as scanning electron microscopy,
electron backscatter spectroscopy, and energy dispersive X-ray spec-
troscopy to determine their microstructure. Samples of the alumina
were then compressed to failure using quasi-static and compression
bar loading to determine compressive strength, elastic modulus,
and bulking behavior. Characterization and experimentation efforts
are discussed in terms of design of improved ceramics for ballistic
applications.

5:40 PM

(ICACC-S4-012-2018) Quantitative Visualization of Fracture and
Failure of Soda-lime Glass

H. V. Tippur*'; B. M. Sundaram'
1. Auburn University, Department of Mechanical Engineering, USA

Transparent ceramics such as soda-lime glass pose unique challenges
for full-field optical techniques to evaluate deformations, stresses
and failure behavior. Low toughness and high stiffness are among
the factors responsible for these challenges as deformations tend to
be too small and confined to a region near a ‘mathematically’ sharp
crack growing at speeds in excess of 1500 m/s. Need for good bire-
fringence, sophisticated optics, or lack of measurement sensitivity
are some of the factors against legacy techniques to study brittle
ceramics’. Motivated by these, the feasibility of a full-field optical
technique called the Digital Gradient Sensing (DGS) is demonstrated
for evaluating deformations in glass under stress wave loading
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conditions. DGS is capable of quantifying angular deflections of light
rays, as small as a few micro-radians, caused by stresses. High-speed
photography (>1 Mfps) combined with DGS and a Hopkinson bar
are used to load soda-lime glass specimens. The measurements are
processed to obtain crack-tip parameters near both stationary and
dynamically growing cracks. The instantaneous histories of crack
speed (V), stress intensity factors and energy release rate (G) are
extracted and G-V plots are obtained. Several interesting observa-
tions on fracture parameters and fractography leading up to crack
branching are revealed.

S6: Advanced Materials and Technologies
for Direct Thermal Energy Conversion and
Rechargeable Energy Storage

Solid Electrolytes and All-solid-state-batteries I
Room: Tomoka A
Session Chair: Palani Balaya, National University of Singapore

1:30 PM

(ICACC-S6-001-2018) Garnet-type ionic conductors for all-solid-
state lithium ion batteries (Invited)

X. Guo*!

1. Huazhong University of Science and Technology, Materials Science and
Engineering, China

Owing to its high ionic conductivity, Li,La,Zr,0,, (LLZO) garnets
are promising electrolytes for all-solid-state lithium ion batteries.
Herein, Ga is doped at the Li site and Rb is doped at the La site of
LLZO to enhance the lithium-ion conductivity. The Lig,,Ga, 3L
a,45Rby osZ1,0, electrolyte exhibits a lithium-ion conductivity of
1.62 mS/cm at room temperature, which is the highest conduc-
tivity reported until now. All-solid-state lithium ion batteries
are constructed from the Li,,,Ga,sLa,4sRb, 521,04, electrolyte,
metallic Li anode and LiFePO, active cathode. To reduce the inter-
facial resistance, Li(CF,SO,),N electrolytic salt is added in the
cathode. The battery shows a high initial discharge capacity of 152
mAh/g and good cycling stability with 110 mAh/g retained after 20
cycles at a charge/discharge rate of 0.05 C at 60 °C. Therefore, the
Lig,0Gay50La,45Rbg 0sZ1,0,, garnet is very promising for all-solid-state
lithium ion batteries.

2:00 PM

(ICACC-56-002-2018) On the Manufacturing and Operation of
Inorganic All-solid-state Batteries (Invited)

S. Uhlenbruck*’; C. Tsai'; C. Dellen'; S. Méller'; S. Lobe'; A. Windmdiller’;
M. Finsterbusch'; O. Guillon'

1. Forschungszentrum Juelich, Institute of Energy and Climate Research,
Germany

Current lithium ion battery technology for energy storage has
reached excellent performance levels, nevertheless further develop-
ment with regard to stable operation and high energy density is still
required. Some of these challenges are associated with the properties
of the liquid organic electrolyte. Its substitution by solid inorganic
electrolytes leads to so-called all-solid-state batteries. In general,
solid-state electrolytes take advantage of high chemical and elec-
trochemical stability. Thus they may lead to high energy density
battery cells: For example, by using lithium metal as anode, and
cathode active materials with potentials of higher than 5 V vs. Li/Li’,
the energy density can be significantly increased. Nevertheless,
new challenges with regard to manufacturing and operation have
emerged. This presentation focuses on three issues of current solid-
state battery technology when using garnet type solid electrolyte: (i)
the chemical stability between solid electrolytes and active mate-
rials, (ii) the growth of Li metal filaments in solid-state electrolytes,
and (iii) how ambient conditions can affect battery components

*Denotes Presenter
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during processing. Results of various analysis methods, in partic-
ular depth-resolved methods like secondary ion mass spectrometry,
nuclear reaction analysis and Rutherford backscattering spectrom-
etry will be presented and discussed in this talk.

2:30 PM

(ICACC-S6-003-2018) Sulfide materials for Li-S and all-solid-
state batteries (Invited)

A. Sakuda*'; A. Hayashi'; M. Tatsumisago'

1. Osaka Prefecture University, Graduate School of Engeneering,
Department of Applied Chemistry, Japan

All-solid-state lithium secondary batteries using sulfide-based solid
electrolytes are anticipated as next-generation batteries on the road
to attaining improved safety and long cycle life. It is important for
improving the performance of all-solid-state batteries to fulfill
(a) low-resistance electrode-solid electrolyte interface, (b) homoge-
neous lithium-ion and electron conduction pathway, (c) suppression
of damage to the electrode active materials, and (d) higher electrode
active material content. Obviously, (e) the use of a highly conducting
solid electrolyte is the most important point. In this presentation,
we will present the unique features of sulfide materials suitable for
battery materials. For example, sulfide-based solid electrolytes and
electrode materials are deformable by pressing the powder at room
temperature. This unique mechanical property yields the formation
of a desirable solid-solid intimate contact between the electrode and
electrolyte by room-temperature pressing. The polysulfide-based
electrode materials show a large reversible capacity based on the
formation and deformation of S-S disulfide bonds and changes in
the coordination number.

Solid Electrolytes and All-solid-state-batteries II
Room: Tomoka A
Session Chair: Valerie Pralong, CNRS ENSICAEN

3:20 PM

(ICACC-S6-004-2018) Rational design of advanced materials for
solid-state Li-metal batteries (Invited)

Y. Guo*!
1. Institute of Chemistry, Chinese Academy of Sciences, China

Rechargeable solid-state Li metal batteries have become
attractive candidates for the next-generation rechargeable electro-
chemical energy storage systems with high energy densities driven
by an increasing demand on storage devices with higher energy
outputs and better safety. Here, we will show our recent progress
on improving this emerging battery system by designing advanced
materials, including nanostructured hybrid lithium metal anodes,
solid composite electrolytes, and nanostructured composite
cathodes. Regarding to the uneven Li deposition, unstable solid
electrolyte interphase formation, and infinite change of relative
dimensions of the Li metal anodes, 3D current collectors (e.g., 3D
Cu), nanostructured carbon materials, artificial solid electrolyte
interphase (SEI) layers (e.g., Li,PO,, Al-containing SEI), functional
electrolyte additives (e.g., Al-based colloidal particles, ionic liquids),
as well as bifunctional solid polymer electrolytes and LLZO-coated
thin film electrolytes with both high Li ion conductivity and high
mechanical strength have been demonstrated feasible as functional
materials for stable plating of Li to address the above issues. We
hope that our perspectives can shed lights on the reasonable design
of key-enabling materials for solid-state lithium-metal batteries, and
contribute to a helpful discussion for the technology beyond classical
Li-ion batteries.

*Denotes Presenter

3:50 PM

(ICACC-S6-005-2018) Microstructure and phase control of
B”-alumina ceramic electrolytes for sodium salt batteries

M. V. Heinz*'; M. Bay'; K. Fiore’; N. Zanon’ U. F. Vogt'; C. Battaglia'

1. Swiss Federal Laboratories for Materials Science and Technology,
Materials for Energy Conversion, Switzerland
2. FZSonick, Switzerland

Known as a fast ion conductor since the 1970s, state-of-the-art
”-alumina electrolytes with conductivities of ~0.2 S/cm at 300°C
are key components in sodium-metal halide and sodium-sulfur
batteries. Furthermore, the material is re-gaining attention also for
application at ambient temperatures, e.g. for all-solid state batteries.
However, 3”-alumina ceramics are generally not phase pure mate-
rials but consist of a complex arrangement of grain and grain
boundary phases. As a result, it is rather difficult to prepare them
with defined properties: in fact, ion conductivities reported in litera-
ture for Na-f”-alumina based ceramics vary by more than a factor of
100, mainly within the conductivity window from 0.005 to 0.2 S/cm
at 300°C. In most studies, these variations are vaguely linked to
composition, sample density, phase purity, and/or grain size. In this
study we re-investigate how different processing conditions affect
phase content and microstructure of Na-f3”-alumina ceramics. We
discuss the competition between densification, exaggerated grain
growth, and Na loss and propose measures to improve the prepara-
tion of 3”-alumina ceramics to obtain both high ionic conductivity
(up to 0.4 S/cm at 300°C, >1 mS/cm at room temperature) and high
mechanical stability (~200 MPa flexural strength).

4:10 PM

(ICACC-S6-006-2018) Anisotropic properties of Na-f”-
Alumina+ YSZ composite synthesized by vapor phase method

L. Ghadbeigi*'; T. D. Sparks'
1. University of Utah, Material Science and Engineering, USA

Composites of Na-f3”-alumina + YSZ was prepared by vapor phase
conversion. Prior to vapor phase conversion samples were sintered
for 3 hours at 1500°C for sample A and at 1700°C for sample B. Both
samples A and B was converted by heat treatment of as sintered
samples in the packing powder of Na-f”-alumina at 1450°C for
10 hours. Phase identification, morphological analysis and elec-
trical conductivity was conducted by performing X-ray diffraction,
scanning electron microscopy and electrochemical impedance spec-
troscopy. All analysis confirmed the presence of texturing in samples
A and B. Results showed the alignment of the plate-like crystals
perpendicular to disc faces with the conduction plane parallel to
the synthesis progression that provides the fastest Na ion transport
thus facilitating fast conversion. An anisotropy factor of 5.7 for
samples sintered at 1500°C was observed compared to an anisot-
ropy factor of 1.8 for samples sintered at 1700°C. Quantitative phase
analysis of XRD also showed the previously unobserved evolution
of a small amount of monoclinic phase (7 wt%) in sample B after
conversion which was likely due to the results of internal stresses
and contribution of surface energy change. It was concluded that the
transformation of a portion of the YSZ to monoclinic zirconia phase
might be responsible for the slow conversion kinetics by increasing
grain size.

4:30 PM

(ICACC-S6-007-2018) Micro-mechanical characterization of
Li,La,Zr,0,, for solid state batteries

J. F. Nonemacher*'; M. Finsterbusch'; J. Malzbender'

1. Forschungszentrum Jiilich, Institute of Energy and Climate Research
(IEK), Germany

Conventional lithium ion batteries are based on organic liquid
electrolytes due to their very high ionic conductivity; however,
they possess drawbacks in terms of leakage, toxicity and flamma-
bility. Solid state Li ion conductors, such as the garnet type ceramic

42nd International Conference & Exposition on Advanced Ceramics & Composites 25



Abstracts

material Li;La,Zr,0,,, possess a higher thermal stability, larger
chemical stability towards metallic Li anodes and high-voltage
cathodes and are expected to supress dendrite formation. During
operation thermo-chemical cycling generates internal stresses
which could induce micro-cracking and mechanical failure that
would shorten the cyclability. Therefore, the mechanical reliability
of solid electrolytes is important to achieve long-term operation of
solid state batteries. Thus, the presented work focuses on a mechan-
ical assessment of various doped Li,La,Zr,O, electrolytes based on
depth-sensitive indentation. Results on elastic modulus, hardness
and fracture toughness with their actual dependency on the pene-
tration depth are given. Hence, results are discussed with emphasis
on the effect of local deformation behaviour. The tests were based
on different procedures using either constant or loading cycles,
revealing different sensitivities for local/global behaviour related to
grains, grain boundaries and pores. The interpretation of the results
is supported by complementary optical and electron microscopy as
well as X-ray diffraction assessment.

4:50 PM

(ICACC-S6-008-2018) Ionic and Thermal Conductivity in
Ceramic Solid Electrolytes for Li-Ion Cells

M. Rohde*’; Y. Cui'; C. Ziebert'; H. J. Seifert!

1. Karlsruhe Institute of Technology, Institute for Applied Materials,
Germany

Within the current development state of Li-ion batteries liquid
electrolytes are applied which require a sophisticated thermal
management. In contrast to the organic liquids solid electro-
lytes made of a glass-ceramic are not flammable. Even at higher
temperatures they are very stable and therefore reduce the efforts
of a sophisticated thermal management. However, one of the main
obstacles for the application of solid electrolytes in Li-ion cells is the
relatively low ionic conductivity. Within this work we have studied
two glass-ceramic systems, which are candidate materials for solid
state electrolytes. LAGP (Li,,, Al,Ge, (PO,),, x=0.5) and LATP
(Li,,, ALTi,, (PO,); x=0.5) substrates were prepared using a melt
quenching route and by applying different compaction methods.
The glass chemical composition and the developed microstruc-
ture in LAGP glass-ceramics were very critical to the thermal and
ionic conductivity. The measured values of the ionic conductivities
were in the range of 10 to 10° W™ cm™ at room temperature, but
increased at higher temperatures. The thermal conductivity values
are very sensitive to the details of the heat treatment. It was shown
that a higher ionic conductivity is coupled with a higher thermal
conductivity. Furthermore, the temperature dependence of the
thermal conductivity cannot be explained by a single mechanism or
by an “ionic” Wiedemann-Franz law.

5:10 PM

(ICACC-S6-009-2018) Lithium Diffusion in Lithium Garnet
Oxide Li;La,Ta,0,,: A combined quasi-elastic neutron scattering
and molecular dynamics study

W. Lai*'; M. Klenk'; S. Boeberitz'

1. Michigan State University, Chemical Engineering and Materials
Science, USA

Solid lithium ionic electrolytes are attractive alternatives to liquid
electrolytes to achieve the uttermost safety against leakage and
flammability in lithium-ion batteries. Lithium garnet oxides are
a class of materials that are very promising as solid electrolytes for
lithium-ion batteries. A wide variety of experimental (diffraction,
total-scattering, impedance spectroscopy, NMR, muon-spin relax-
ation, etc) and computational techniques have been applied to the
study of structure and dynamics of lithium garnet oxides. In this
work, we combine two complementary probes, quasi-elastic neutron
scattering (QENS) and molecular dynamics (MD) simulation, to
investigate the diffusion mechanism of a model garnet Li;La,Ta,0,.
The half-width-half-maximum values (HWHM) of QENS signals
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from both experiments and MD are comparable to each other.
Q-dependence of HWHM values suggests the diffusion is of jump
type and can be fitted into a Singwi-Sjolander model where lithium
oscillates inside a cage followed by a jump. The residence time obeys
an Arrhenius relation on the temperature while the variation of
jump distance suggests that diffusion occurs between tetrahedral
and octahedral sites.

S7: 12th International Symposium on
Functional Nanomaterials and Thin
Films for Sustainable Energy Harvesting,
Environmental, and Health Applications

Nanomaterials for Photocatalysis, Solar Hydrogen

and Thermoelectrics I

Room: Coquina Salon C

Session Chairs: Teresa Andreu, Catalonia Institute for Energy
Research (IREC); Francesco Enrichi, Centro Studi e Ricerche E.
Fermi (Italy) and Lulea University of Technology (Sweden)

1:30 PM
(ICACC-S7-001-2018) Effects of Composition, Local Structure
and in-situ Structural Evolution on the Catalytic Properties of
Cobalt and Modified Cobalt (Oxy)hydroxides for the Oxygen
Evolution Reaction (Invited)
Z. Chen'; C. X. Kronawitter’; I. Waluyo’; L. Cai’; B. E. Koel*!
1. Princeton University, Chemical and Biological Engineering, USA
2. University of California, Davis, Chemical Engineering, USA
3. Brookhaven National Laboratory, National Synchrotron Light
Source II, USA
4. Xi’an Jiaotong University, State Key Laboratory of Multiphase Flow in
Power Engineering, China

Development of improved catalysts for the oxygen evolution reaction
(OER) is important for emergent technologies in energy conversion
and storage. Understanding reaction mechanisms and correlations
with catalyst properties provides rational design principles to accel-
erate catalyst development. The effects of doping and processing
on the catalytic properties of cobalt (oxy)hydroxides (CoOOH)
illustrated key structure-activity correlations. Catalyst performance
of CoOOH and M-modified CoOOOH (M=Ni, Mn) increased with
increasing concentration of dispersed Ni ions, but not Mn. Ni
incorporation reduced charge transfer resistances and improved
stabilities of surface intermediates, but Mn incorporation impeded
such stabilization. Using ambient pressure photoelectron spectros-
copy, we directly observed better stability of surface hydroxyl groups
with Ni incorporation. Extensive surface hydroxylation under mild
conditions (27 °C, 1 torr H,0) indicated a low barrier to phase trans-
formation. Investigation of catalyst structural evolution during OER
using operando Raman spectroscopy identified the active struc-
ture of related NiCoO,H, catalysts as NIOOH-CoO,, which can be
formed by an irreversible transformation of spinel Co,0O, to fcc-CoO
followed by a reversible conversion of the catalyst to NiOOH-CoO,.

2:00 PM

(ICACC-S7-002-2018) Composite nanostructures for high-
efficiency Sunlight conversion (Invited)

A. Vomiero*'

1. Lulea University of Technology, Engineering Sciences & Mathematics,
Sweden

Composite ceramic nanostructures can be efficiently applied for
Sunlight conversion. In most of the applied systems, like excitonic
solar cells and photoelectrochemical cells to produce solar fuels,
nanomaterials can play a critical role in boosting photoconversion
efficiency by ameliorating the processes of charge photogeneration,
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exciton dissociation and charge transport. Several strategies can be
pursued, including broadening of light absorbance to reduce solar
light losses, fastening exciton dissociation and charge injection
from the photoactive medium to the charge transporting materials,
reducing charge recombination during charge transport and collec-
tion at the electrodes. In this lecture, a few examples of application of
nanocomposites will be thoroughly discussed, highlighting the role
of interface engineering to improve the efficiency of energy conver-
sion from Sunlight to electric power and/or chemical fuels.

2:20 PM

(ICACC-S7-003-2018) Modification and deposition of metaloxide
layers via Plasma Enhanced Chemical Vapor Deposition

Y. Goniilli*'; S. Mathur!; T. Fischer!

1. University of Cologne, Institute of Inorganic Chemistry, Germany

The PE-CVD is a unique technique for thin film deposition, since
it provides a good control over several parameters (time, plasma
power and reactive gas composition) and therefore over the prop-
erties of the resulting films. In addition PE-CVD processes show a
high reproducibility and they are scalable for large area productions.
It finds applications in growth and processing of nano-materials,
such as semiconductor thin films or carbon structures like graphene,
carbon nanotubes (CNT), or DLC. Since the PE-CVD is a low
temperature process it is possible to deposit under mild conditions
onto sensitive materials like polymers. In this work we present the
deposition and modification of semiconducting metal oxides (TiO,,
Fe,0,, Sn0,) for photoelectrochemical (PEC) hydrogen production.
Furthermore the as deposited films were modified using plasma
techniques or supporting with graphen layer. Namely those modi-
fications were the partial reduction of the metal oxides by hydrogen
plasma, the doping with different metal cations. All this techniques
allowed the selective tuning of the optical and electrical properties
of the films and therefore lead to a substantially enhanced PEC
performance.

Nanomaterials for Photocatalysis, Solar Hydrogen

and Thermoelectrics IT

Room: Coquina Salon C

Session Chairs: Alberto Vomiero, Lulea University of Technology;
Yakup Goniillii, University of Cologne

3:20 PM

(ICACC-S7-004-2018) Downconversion enhancement by Ag
nanoaggregates in Tb**/Yb** codoped silica-zirconia sol-gel
glasses and glass-ceramics for solar cells (Invited)

F. Enrichi*'

1. Luled University of Technology (Sweden) and Centro Studi e Ricerche E.
Fermi (Italy), Sweden

The frequency conversion properties of rare earth ions may be
enhanced by the presence of metal nanoaggregates/nanoparticles.
In this presentation, we report the study of down-converting silica-
zirconia glass and glass-ceramic films doped by Tb**/Yb** ions and
Ag nanoaggregates, which combine the spectral properties of rare-
earth-doped materials with the optical sensitizing effects of the
metal nanostructures. The preparation of sodium-containing silica-
zirconia layers was carried out by sol-gel synthesis, followed by
thermal treatments at 700°C (glass) or 1000°C (glass-ceramics).
Ag introduction was then obtained by ion-exchange in a molten salt
bath and the samples were subsequently annealed in air to induce the
migration and aggregation of the metal ions. Results of structural,
compositional and optical characterization are given, providing
evidence for UV-VIS to NIR down-conversion, which could find
potential applications to increase the efficiency of Si-based PV
solar cells.

*Denotes Presenter

3:50 PM

(ICACC-S7-005-2018) Nanoscale Morphology Control in Halide
Perovskite/Polymer Composites for Printed LEDs and Beyond
(Invited)

Z.Yu*!
1. Florida State University, Industrial and Manufacturing Engineering, USA

In recent years, remarkable optoelectronic properties have been
discovered in a group of materials called halide perovskites. Their
potential to invigorate the current solar cell and light-emitting diode
(LED) industries has been demonstrated by achieving very high
device efficiencies in relatively short periods. In this talk, our recent
work of developing perovskite/polymer composites towards the real-
ization of fully printable LEDs will be presented. The perovskite/
polymer composites possesses all the remarkable optoelectronic
characteristics of pure perovskites. For instance, we have demon-
strated their use for blue, green and red LEDs. In addition the device
efficiencies exceeded those of pure perovskite LEDs. The perovskite/
polymer composites have shown advantages in improving the
processability and quality of the perovskite thin films; and enhancing
the structural stability of the perovskites especially at high humid
fabrication and service environments. By embedding the perovskite
crystals inside a polymer matrix, the perovskites can be less toxic and
more environmentally benign compared to pure perovskite. At the
end of the talk, other potential applications of perovskite/polymer
composites will be briefly discussed.

4:20 PM

(ICACC-S7-006-2018) Plasma-catalytic CO, conversion to
methane using mesoporous Ni-Ce-Al,O,

T. Andreu*’; M. Biset'; ]. Guilera'; J. R. Morante'

1. Catalonia Institute for Energy Research (IREC), Advanced Materials for
Energy Area, Spain

The intermittence and fluctuations of the renewable energy sources
constitute an important problem that needs solutions in terms of
storage the exedent electrical power. A promising solution is to store
this energy by converting to chemical energy. In this regard, the
production of CH, from CO, and H, stands out over other fuels, as
the produced methane can uses the current infrastructure of natural
gas. Herein, we have focused on hybrid plasma-catalytic methana-
tion, using a Dielectric Barrier Discharge (DBD) plasma reactor
and Ni based catalyst. A modular coaxial DBD reactor is used for
the plasma-catalysis methanation where the catalyst is placed
between the two coaxial tubes, in the discharge region of the plasma
(plasma-catalysis system). Different Ni-Ce based catalysts have been
prepared by impregnation method on alumina support. As support,
mesoporous alumina has been synthetized by evaporation-in-
duced self-assembly (EISA) method. The results show an increase
on the conversion when the reaction is done at low temperature
((250 °C). In addition, experiments under adiabatic conditions have
been performed, with high selectivity and conversion and allowing
the production of CH, without a pre-heating stage. By the use of
plasma, methane is produced at lower temperature than conven-
tional thermal-catalytic process, avoiding problems such as catalyst
deactivation, secondary reactions and water absorption.
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4:40 PM

(ICACC-S7-007-2018) Ultra-broadband perovskite-PbS-
quantum-dot sensitized carbon nanotube photodetector

L. Ka*'

1. Ecole de technologie superieure, Genie electrique, Canada

Organic-inorganic perovskite has been proven to be a potential
candidate for optoelectronics and photovoltaics, but their applica-
tions are limited in the visible region'”’. Here, combining single wall
carbon nanotube, PbS quantum dots and perovskite, we synthe-
size hybrid that operates both in the visible and the near infrared.
The photodetectors fabricated using the hybrid as the photoactive
material show responsivities as high as 0.8 A.W™"and 0.35 AW
at 480 nm and at 1400 nm, respectively, ata voltage aslowas1V.
Additionally because of their fast response time of 250 us, the photo-
detectors exhibited gain-bandwidth product of 10° Hz. Our novel
approach of synthesis of this hybrid material, which benefits from
the high mobility of the SWCNT, opens new pathways for the devel-
opment of low-cost and ultra-broad spectral optoelectronic devices.

5:00 PM

(ICACC-S7-008-2018) Au@Sulfide Yolk@Shell Nanocrystals
with Diverse Shell Compositions Prepared by Anion Exchange
Reaction

M. Fang*'

1. National Chiao Tung University, Material Science and Engineering,
Taiwan

With the interior hollow space and homogenous reaction environ-
ment, yolk@shell nanocrystals in which an individual yolk core is
surrounded by a porous hollow shell may find promising potentials
in applications requiring facile charge transport and high surface
area, for example, solar energy conversion, gas sensing, and electro-
chemical energy conversion and storage. Here we reported a delicate
anion exchange approach for preparation of Au@sulfide yolk@shell
nanocrystals with diverse sulfide compositions. By using Au@Cu754
nanocrystals as the sacrificial template, the anion exchange reac-
tion led to the replacement of Cu+ with other metal ions including
Cd2+, Zn2+, Co2+, and Ni2+, resulting in the formation of Au@
CdS, Au@ZnS, Au@CoS and Au@NiS$ nanocrystals. The photocat-
alytic hydrogen production activities of the samples were further
compared.

5:20 PM

(ICACC-S7-009-2018) Semiconductor Nanoheterostructures for
Photoconversion Applications (Invited)

Y. Hsu*!
1. National Chiao Tung University, MSE Department, Taiwan

With the inherently high degree of complexity, nanoheterostructures
composed of two or more materials joined in unique architec-
tures may exhibit superior synergetic properties that are difficult
or impossible to acquire from their individual constituents. For
semiconductor nanoheterostructures, the relative band alignment
of the constituents promotes effective charge separation to bring
them desirable properties for photoconversion applications. Several
representative works from our lab including Au-CdS, Au-ZnS core-
shell nanocrystals' Au-decorated TiO2 nanowires, ZnO-An-SnO2
Z-scheme nanorods, and Au@Cu,S,-decorated TiO, nanowires will
be introduced to demonstrate the promising potentials of semicon-
ductor nanoheterostructures.
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S8: 12th International Symposium on
Advanced Processing and Manufacturing
Technologies for Structural and
Multifunctional Materials and Systems

(APMT12)

Advanced Sintering Technologies -FLASH, SPS, etc.
Room: Coquina Salon A

Session Chairs: Zhengyi Fu, Wuhan University of Technology;
Hidehiro Yoshida, National Institute for Materials Science (NIMS)

1:30 PM

(ICACC-S8-001-2018) Cold, Flash, Sparks, Nano - Where are
Sintering Processes Headed? (Invited)

G. L. Messing*'; T. Frueh'; W. Rheinheimer’; E. R. Kupp'; M. J. Hoffmann®

1. The Pennsylvania State University, Materials Science and
Engineering, USA

2. Karlsruhe Institute of Technology, Institute for Applied Materials --
Ceramic Materials and Technologies (IAM-KWT), Germany

Recent times have seen an explosion of innovative means to
densify ceramics at significantly lower temperatures and much
shorter times. These innovations have capitalized on either massive
increases in driving force by using >100 MPa pressures, or excep-
tional changes in kinetic processes that enable faster diffusion over
short-range distances. This presentation analyzes the spectrum of
conditions reported using the sintering approaches listed in the title
and summarizes these novel processes in terms of sintering driving
force differences and mechanistic alterations in transport required
for densification of ceramics powders. In the end, we project how
these novel sintering processes will impact commercial sintering
technology.

2:00 PM

(ICACC-S8-002-2018) Flash-sintering and related phenomena in
oxide ceramics (Invited)

H. Yoshida*'; K. Morita'; B. Kim'; T. Yamamoto®

1. National Institute for Materials Science (NIMS), Japan
2. Nagoya University, Japan

Flash-sintering, where densification occurs almost immediately
(typically <5 seconds) under high DC electric field, has attracted
extensive attention as an innovative sintering technique since the
first report by Professor Raj’s group in 2010. The flash-sintering
is characterized not only by the immediate densification but also
by a nonlinear increase in electric conductivity under a threshold
condition of temperature and applied field. The flash-sintering has
been demonstrated in various ceramics, and nearly full density has
been achieved at relatively low furnace temperature for very short
time. We have recently demonstrated that dielectric oxide ceramics
such as Y,0,, MgAl,O, and BaTiO, can be consolidated by flash-
sintering technique. For example, high-purity, undoped Y,O; can
be fully densified by flash-sintering; full densification is achieved
at 1133°C under a field of 500 V/cm. Microstructural observations
and analyses by high-resolution transmission electron microscopy
indicated that the DC electric current flows produced strongly-
reducing conditions in the oxide compacts. In the present paper, our
results on the flash-sintering behavior of oxide ceramics are briefly
summarized, and recent attempts for elucidation of the underlying
mechanisms responsible for the flash event are introduced.
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2:30 PM

(ICACC-S8-003-2018) Ultra-fast densification of boron carbide
by flash spark plasma sintering

Z.Fan*'; W. Wang'; Z. Fu'
1. Wuhan University of Technology, China

We present a simple method of sintering ceramic powders in 1 min
at low temperature and low pressure. Nearly fully dense(99.2%) B,C
with limited grain growth was prepared at 1931 °C with an applied
pressure of 15.3MPa. Comparison of our method to a simple SHS/
QP process reproducing the same aggregate thermodynamic condi-
tions shows that our process yields significantly higher and faster
densification. We attribute this outcome to the particular spatial
and temporal variations of Joule heating within the material. A
short sintering time and plastic deformation lead to limited grain
coarsening. The novel method (FSPS) combines flash sintering
and electric field assisted sintering. Over previous reports of flash
sintering, our method requires both less energy and less processing
time for an improved outcome. Neither preheating of the sample,
which is energetically costly, nor the fabrication of a pre-sintered
sample, which is temporally costly, is required to initiate the flash
sintering. In addition, the Joule heating inspired by the pulsed
current is highly localized to the particle interfaces, yielding effi-
cient coalescence with limited energy input. In future work, we will
apply this process to prepare other conductive and semiconducting
ceramics.

3:10 PM

(ICACC-S8-004-2018) Quantifying Densification Variability in
Ionic Conducting Ceramics via Spark Plasma Sintering

C.S. Smith*'; N. J. Madden'; J. A. Krogstad'

1. University of Illinois at Urbana-Champaign, Materials Science and
Engineering, USA

Spark plasma sintering (SPS) has gained notoriety for the ability
to rapidly and thoroughly densify metal and ceramic structures.
However, the precise mechanisms by which densification occurs is
not well understood across a wide range of material classes. In partic-
ular, ionic conductors such as yttria stabilized zirconia (YSZ) have
exhibited highly variable behavior when sintered in the reducing
atmosphere of an SPS chamber, often requiring a post-sintering
anneal that can negate some of the beneficial effects of using SPS.
For this study, conductive capping layers have been applied to YSZ
samples over a range of sintering conditions in order to illuminate
some of the factors contributing to the variation in densification.
These layered samples have been prepared using the same condi-
tions as bare YSZ samples, with sufficient numbers of samples being
prepared to collect statistics on the variability within each group.
Using Vickers microhardness and microscopy, the mechanical
properties and associated microstructures have been compared for
both bare and layered YSZ samples. Findings show that the layered
samples have a decreased likelihood of reduction but also reduced
hardness relative to the bare YSZ samples. These results shed light
on the mechanisms involved in densification of ionic conductors
and have implications that may lead to more informed design of SPS
processing schemes.

3:30 PM

(ICACC-S8-005-2018) Influence of grain size on the entropic
transformation in high entropy oxides

A. D. Dupuy*'; J. M. Schoenung'

1. University of California, Irvine, Chemical Engineering and Materials
Science, USA

High entropy stability has emerged as a promising (and controver-
sial) strategy for designing new materials. The recent introduction of
high entropy stability to oxides has provided this class of materials
with the opportunity to reap the potential benefits from an increase
in composition space. High entropy oxide (HEO) materials contain

*Denotes Presenter

at least five oxide components, which, after appropriate processing,
form a single phase that is stabilized through configurational
entropy. A unique characteristic of HEO materials is their reversible
entropy-driven phase transformation between the single phase and
multiphase states. This feature presents an opportunity to produce
oxide materials with highly controlled phase states. Since research
into HEO materials is still in its infancy, the role of processing and
microstructure on the entropic phase transition is largely unknown.
In this work, we explore the impact of grain size on the entropic
phase transition in (CoCuMgNiZn)O ceramics. Sourced nano-
powders are mixed using planetary ball milling. These powders are
simultaneously reacted and densified using free sintering and spark
plasma sintering (SPS). By leveraging these processing routes, we
show that it is possible to produce fully dense HEO ceramics with
grain sizes spanning several orders of magnitude. Characterization
of these ceramics reveals the length scale dependence of the entropic
phase transition.

3:50 PM

(ICACC-S8-006-2018) Flash sintering entropy-stabilized oxide

J. Liu*; D. Liu’ G. Liu’; Y. Wang’; L. An*

1. Southwest Jiaotong University, School of Mechanics and Engineering,
China

2. Southwest Jiaotong University, School of Materials Science and
Engineering, China

3. Northwestern Polytechical University, School of Materials Science and
Engineering, China

4. University of Central Florida, Department of Materials Science and
Engineering, USA

In this paper, the entropy-stabilized oxide with rocksalt structure
was synthesized by flash sintering the equimolar mixture of MgO,
NiO, Co,0,, CuO and ZnO at 500 °C with power supply for 1 min.
The measured temperature on the surface of the specimen is lower
than 875 °C. The XRD patterns indicate the transition from multi-
ple-phase to single phase was finished in several tens of second.
Compared with previous study, the electric field accelerated the
homogeneous cation mixing at lower temperature. In other words,
the diffusion of cation during flash sintering is obvious besides the
movement of oxygen vacancies.

4:10 PM

(ICACC-S8-007-2018) Effect of oxygen partial pressure on
temperature for onset of flash sintering 3YSZ

D. Liu*'

1. Southwest Jiaotong University, Key Laboratory of Advanced
Technologies of Materials, China

We report that the oxygen partial pressure affects the onset tempera-
ture of flash sintering of 3 mol% tetragonal-stabilized zirconia
(3YSZ) in an oxygen-enriched environment. Flash sintering exper-
iments were performed with oxygen partial pressures between
0.4 atm and 1 atm. The results indicate that the onset temperature
increases with an increase in oxygen partial pressure. Based on the
plots of power dissipation as a function of temperature, the oxygen
partial pressure might affect the onset temperature by changing the
conductivity in the pre-flash stage. Combined with the analysis of
the law of mass action, we found that electron conduction may play
an important role in the pre-flash stage of flash sintering.
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S11: Advanced Materials and Innovative
Processing Ideas for the Production Root

Technologies

Industrial Root Technology Based on KITECH and
GIGAKU Concept

Room: Ponce de Leon

Session Chairs: Tadachika Nakayama, Nagaoka Univ of Tech;
Sungwook Mhin, Korea Institute of Industrial Technology

1:30 PM

(ICACC-S11-001-2018) In-situ and on-demand synthesis of
carbon-based boundary films from lubricating oils by catalytically
active composite coatings (Invited)

A. Erdemir*'; G. Ramirez'; O. Eryilmaz'
1. Argonne National Lab, USA

Increasingly demanding operating conditions of many moving parts
in engines are rendering most traditional materials and coatings
ineffective and hence there is an urgent need for the development
of more robust materials and coatings for the next generation trans-
portation vehicles. At present, DLC coatings are used extensively
to meet the specific application needs of current engines and other
moving mechanical systems. We have been focusing on the next
generation novel tribological coatings that can provide ultra-low
wear and -friction even with the use of base lubricating oils.
Specifically, these coatings are primarily made of catalytically active
hard and soft phases which enable ultra-high hardness, toughness
in addition to excellent catalytic responsiveness to the hydrocarbon
molecules of lubricating oils. Specifically, when tested in neat or
marginally additized base oils, these catalytic coatings fragment
long-chain hydrocarbon molecules of lubricating oils to produce a
carbon-rich boundary film whose structural chemistry is similar to
those of DLC. Overall, comprehensive friction, wear, and scuffing
studies have confirmed that these nanocomposite coatings could
serve as the next generation materials for a wide range of demanding
automotive applications. They can reduce parasitic friction losses as
well as minimize wear and scuffing failures.

1:50 PM

(ICACC-S11-002-2018) Motion control of micromachine by nano
3D printer and electric field control (Invited)

T. Nakayama*'; K. Moriya'; M. G. Herrera Salazar’; H. Suematsu'; T. Suzuki';
K. Niihara'

1. Nagaoka Univ of Tech, Japan
2. University of Aarhus, Finland

In recent years, researches have been made to fabricate the
micro-structures using a 3D printer and to add functions to them.
Among these researches, development of micro-pump to control
micro-fluid has attracted attention. In addition, light, magnetic field,
and electric field are used to drive the micro-pump. However, any
micro-pumps can only control to turn on and turn off for micro-fluid.
Therefore, in this study, we aimed to fabricate a mechanism to mix
micro-fluid by applied a DC electric field to a micro-pump fabricated
by a 3D printer. As the experimental method, a micro-pump is fabri-
cated by using a 3D printer, and a ZrO, balls are placed therein. Al
electrodes are installed at both ends of a micro-pump, and a DC elec-
tric field is applied. Observation and movie shooting are done by using
the digital microscope. As the experimental results, it was confirmed
that the ZrO, balls were moving through the micro-pump by applied
a DC electric field. However, the ZrO, balls did not move smoothly
through the micro-pump and confirmed temporary the stagnation
behavior. As a future task, we need to consider about the structure
of a micro-pump in which the ZrO, balls move more smoothly. Also
consider the structure of an Al electrode. If this study succeeds,
it is possible to easily mix the chemical solution of micro level.
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2:10 PM

(ICACC-S11-003-2018) The properties of ternary Mo-Cu-X-N,
(X=Ni, Si, V) coating synthesized by magnetron sputtering
process with single alloying targets

H. Lee*'; H. Yoon'; G. Bang'; K. Moon'

1. Korea Institute of Industrial Technology, Republic of Korea

In this study, we tried to deposit Mo-Cu-X-N(X= Ni, Si, V) thin
coatings showing high hardness and low friction at low and high
temperatures to reduce energy consumption and wear problems
in engine parts and tools. In general, this kind of nano-composite
coating is made by various processes using multiple targets such as
Mo, Cu and X(X= Ni, Si, V). However, it is difficult to control the
exact composition, homogeneous deposition of large scale speci-
mens during the deposition with multiple targets. We wanted to
create the single Mo-Cu-X(X= Ni, Si, V) alloying targets with the
composition showing the best friction coefficient and surface hard-
ness. Single alloying targets with the composition showing the best
properties were prepared by powder metallurgy methods, such as
mechanical alloying and spark plasma sintering. Mo-Cu-X(X= Ni,
Si, V) targets were prepared subsequently. The nano-composite
Mo-Cu-X(X= Ni, Si, V) coatings prepared using the alloying targets
will be eventually compared with the films from the multiple targets.

2:30 PM

(ICACC-S11-004-2018) Modulating the Piezoresistivity and
Thickness of Silicone Rubber Coating Films for Pressing-Sensor
Applications (Invited)

S. T. Nguyen*’; V. Tran-Khac'; H. Suematsu'; T. Suzuki'; K. Niihara';
T. Nakayama'

1. Nagaoka University of Technology, Japan

In this research, a homogeneous mixture was prepared by stir-
ring the room temperature vulcanization silicone rubber with
silica balloon and highly conductive carbon black nanoparticles. A
polyimide printed flexible circuit board was then dipped into and
withdrew from the mixture to obtain a 60 um-thick hybrid film
deposited on the board. The electromechanical tests revealed that the
thickness and piezoresistivity of the hybrid film can be controlled by
modulating the mixture composition and dipping process. The opti-
mized hybrid film exhibits a sensitivity comparable to that of
commercial pressing-sensor films, but possess a much smaller thick-
ness. Therefore, the fabricating process is considered very promising
for micrometer-thick pressing-sensors.

2:50 PM

(ICACC-S11-005-2018) Electrical characteristics of PIN-PMN-PT
ceramics by impurities effect for high temperature application
(Invited)

T. Moro*'; T. Nakayama'; J. Kim* Y. Kim?* J. Kim? S. Yamanaka’; T. Katou®
I. Murayama’; M. Takeda'; N. Yamada'; H. Suematsu'; K. Niihara'

1. Nagaoka Univ of Tech, Japan
2. Daihatsu Motor Co., Ltd., Japan

PMN-PT ceramics has high piezoelectric constant, dielectric
constant and spontaneous polarization amount and is widely applied
by taking advantage of excellent electric characteristics. However,
it is difficult to use in high temperature region almost 200° C. In
this research, for the purpose of utilization at high temperature, by
dissolving PIN in solid solution in PMN - PT, the Curie temperature
was improved and the influence on the electrical characteristics by
adding impurities was investigated. The composition ratio was near
26 PIN - 40 PMN - 34 PT, which is reported to have high ferroelec-
tricity in the previous study. Furthermore, we add trace amounts
of MnO, and La,0,, and perform electrical measurements such as
dielectric constant, pyroelectric current, hysteresis, etc., and discuss
the influence.

*Denotes Presenter
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3:30 PM

(ICACC-S11-006-2018) Highly Insulation Property of Aerosol
Deposited Al,O; Thick Films (Invited)

R. Aoyagi*'; H. Tsuda'; ]. Akedo'

1. National Institute of Advanced Industrial Science and Technology, Japan

New semiconductors such as SiC and GaN will realize high power
switching devices and high brightness LEDs. In these devices. High-
density mounted these devices will release higher heat compared to
conventional semiconductor devices therefore heat dissipation in
the substrate becomes a serious problem. The ceramic substrate with
high thermal conductivity such as AIN and metal substrate covered
with insulating resin have been studied as high heat dissipation
circuit boards for these devices. However, AIN ceramic substrates
have problems in their poor workability and high cost. And the
metal-based substrates have problems in peeling between metal and
insulating layer due to a difference in thermal expansion of the joint
portion. In previous study, we have confirmed that the AL, O, thick
film deposited by aerosol deposition method (ADM) exhibits high
adhesion strength to the substrate and high insulation properties.
In this presentation, we will discuss detailed insulating proper-
ties of AL, O, thick films by ADM and potentials as heat dissipation
properties. Al,O; thick films (>1um) was successfully deposited on
metal substrates by ADM. The samples were composed with nano-
sized particles which is much smaller than the submicron sized
starting particles. It was found that the samples had high breakdown
voltage more than 1 kVdc at thickness of 10 um and breakdown field
depended on Vickers hardness of the films.

3:50 PM

(ICACC-S11-007-2018) Novel Glass-ceramics from Glass
Powders and Reactive Silicone Binders (Invited)

E. Bernardo*'; H. Elsayed'

1. University of Padova, Dipartimento di Ingegneria Industriale, Italy

The processing of sintered glass-ceramics, i.e. material from the
sintering of fine glass particles, with concurrent crystallization, is
often conditioned by the debinding step. Typical carbonaceous
polymeric binders, namely subjected to complete decomposition
upon firing, may determine some defects in the final glass-ceramic
directly, by causing some gas evolution continuing even at an
advanced state of densification, or indirectly, by offering poor adhe-
sion between particles (so that ‘green’ compact may be easily
damaged). The present investigation is aimed at exploring a novel
concept, based on the adoption of silicone polymers, providing an
abundant ceramic residue after firing. Some glasses (belonging to
the CaO-MgO-AlL0,-SiO, and CaO-B,0,-Si0, systems), normally
yielding useful glass-ceramics by heat treatment, were reproduced
in form of ‘silica-defective’ variants, featuring a SiO, content, in the
overall formulation, reduced up to 15 wt%. The overall silica content
was recovered by mixing powders of the new glasses with silicone
binders: upon firing in air, the interaction between glass powders
and polymer-derived silica led to glass-ceramics with the same
assemblage than those formed by the reference glasses. The new
approach has been successfully applied to the manufacturing of
glass-ceramic joints for SOFCs as well as of glass-ceramic scaffolds
for tissue engineering.

4:10 PM

(ICACC-S11-020-2018) Solubility limit of B1-GaN to B1-(Cr,Ga)
N thin films (Invited)

Y. Mizuno*'; T. Nakayama'; H. Suematsu'; T. Suzuki'

1. Nagaoka University of Technology, Extreme Energy-Density Research
Institute, Japan

In order to develop a new hard coating material for cutting tools, we
designed and synthesized (Cr,Ga)N thin films by adding B1-GaN
into BI-CrN. In the case of (Cr,Al)N which is one of the major hard
coating materials, its hardness increases with increasing AIN content

*Denotes Presenter

up to the solubility limit. However, when AIN content exceeds the
solubility limit, (Cr,Al)N thin films show phase transition from B1
to B4 (wiirtzite) type and its hardness decrease drastically. Thus it
is important to reveal the solubility limit of BI-GaN in B1-(Cr,Ga)
N. We had already reported the synthesis of B1-(Cr,Ga)N thin films
with GaN content of 10 mol%. In this work, in order to explore the
solubility limit, Cr-Ga-N thin films with various GaN contents were
prepared on MgO(100) substrates by pulsed laser deposition (PLD).
Compositional analysis by Rutherford backscattering spectroscopy
revealed that the ratio of the amount of GaN to the amount of CrN
(Cgan = Ga / (Cr + Ga)) in all Cr-Ga-N thin films was in the range
of 0 to 0.88. X-ray diffraction and microstructural observation by
a field emission transmission electron microscope (FE-TEM) indi-
cated that Cr-Ga-N thin films with Cg,= 0.28 were composed of
only Bl phase, meaning B1-GaN dissolve in B1-CrN. It seems that
solubility limit of B1-GaN into B1-(Cr,Ga)N is more than 28 mol%.

4:30 PM

(ICACC-S11-009-2018) Cobalt Nickel Sulfide Nanoparticles
Anchored on Porous Graphene Aerogel as Efficient
Electrocatalysts for Oxygen Evolution Reaction

H. Han*'; Y. Hong'; S. Mhin'
1. Korea Institute of Industrial Technology, Republic of Korea

Co-Ni-S (CNS) system integrated in the 3D porous nitrogen doped
graphene aerogel (NGA) template (CNS-NGA) is demonstrated as
a new efficient OER and overall waters splitting catalyst. CNS-NGA
can be prepared via facile one-step hydrothermal process.
CNS-NGA can function efficiently as both anode and cathode
of a single alkaline electrolyzer. Overall water splitting perfor-
mance of the CNS-NGA outperforms an electrolyzer composed of
Pt/C(cathode)-IrO,(anode). Results of the experimental and compu-
tational calculation demonstrate that the synergetic effects between
Co and Ni metal atoms as well as between Co-Ni-S and 3D porous
NGA supports mainly contribute to state of the art catalytic perfor-
mance of the CNS-NGA nanocomposites for electrochemical water
splitting.

4:50 PM

(ICACC-S11-010-2018) Developing low temperature Process
Temperature Control Rings for accurate measurement of
temperature in range of 560-900°C (Invited)

A. Saberi*'; H. Jarnicki; ]. Amyot’ J. Risse'

1. Ferro GmbH, R&D, Germany
2. Ferro S.A.R.L, France

Temperature and time have important roles in adjusting final
microstructure of most of materials in order to achieve desired prop-
erties. Besides, re-producibility of properties and quality assurance
in production line need an accurate control of total energy absorbed
by product. 7 different PTCR references can measure measuring
temperature over temperature range of 560-1750 °C. The PTCRs
can be easily placed everywhere in the furnace especially next to
product to measure the entire heat energy transmitted to product. A
well-defined microstructure together with selecting proper compo-
sition are key parameters for producing PTCRs. A linear shrinkage
at temperatures below 900°C is only achievable by means of glassy
phase(s). Viscosity and crystallization behavior of such phase(s)
have decisive roles in sintering behavior of composite. Two different
low-Tg glasses were designed as main ingredients for developing the
low temperature PTCR references. Thermal behavior of these glasses
were characterized. Then interaction between different oxides used
as filler together with these glasses on sintering behavior of glass/
ceramic composites were studied. Results showed besides thermal
characteristics of glasses, congruency of low-Tg glasses and filler
type as well as particle size distribution of filler have important roles
in achieving PTCRs with accuracy of 2°C.
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5:10 PM

(ICACC-S11-011-2018) Themophysical Properties of Selected
Nitrates and Fluorides Measured by Means of Thermal Analysis
and Hyphenated Techniques (Invited)

E. Post*!
1. NETZSCH Geraetebau GmbH, Germany

Nitrate or fluoride mixtures of inorganic salts are interesting candi-
dates for heat storage, heat- exchanging materials, solar salts or
even use in molten salt nuclear reactors. The determination of the
important physical data, such as melting enthalpy, specific heat,
thermal expansion and thermal conductivity by thermal analysis
methods can be a challenging task. Even these well-established
methods are fast, reliable and accurate for most cases. The prob-
lems are often due to choosing the right container material for these
substances. First, the sample must not react with the crucible mate-
rial. To fulfill this requirement seems not too hard at this relatively
low temperature range. More critical is the creeping ability of the
molten salts into capillaries, etc., due to wettability. These effects
can produce bad thermal contacts, e.g. for ¢, measurements or even
the sample creeps out of the container arrangement (dilatometer,
LFA measurement). Low purity of the salts can also affect applica-
tion problems. In this contribution, some container/sample material
combinations will be discussed. Finally, specific heat, thermal expan-
sion and thermal conductivity data of selected nitrates will be
presented. Fluorides were especially investigated by means of TGA
coupled to mass spectrometry.

S$12: Advanced MAX/mxene Phases and
UHTC Materials for Extreme and High
Temperature Environment

Novel Applications and Processing Methods for
Synthesizing MAX Phases I

Room: Tomoka B
Session Chairs: Michel Barsoum, Drexel University; Thierry Ouisse,
Grenoble INP

1:30 PM

(ICACC-S12-008-2018) Towards single phase Zr,,,AIC, MAX
phase ceramics for future fission environments (Invited)

E. Zapata-Solvas*'; W. E. Lee'

1. Imperial College London, Centre for Nuclear Engineering. Dpt. of
Materials, United Kingdom

After Fukushima’s nuclear disaster there has been a growing interest
in introducing new safety concepts for future fission reactors. One
approach is to develop Accident Tolerant Fuels (ATF) that can with-
stand the harsh environment within a fission reactor for at least
10 hours in a Loss-of-Coolant-Accident (LOCA). MAX phases are
potential candidates for use in ATF as cladding. The system that has
been targeted is Zr,,,AlC,. Zr offers compatibility with the zircaloy
cladding, Al offers resistance to corrosion and oxidation, while C
limits nuclear transmutation. This work examines stabilization of
Zr,, AlC, MAX phases by partial substitutions in the quaternary
systems (Zr,M,),,,AlC, or Zr,,,(Al, A,)C, as well as the quinary
system (Zr,M,),,,(ALA,)C, with the goal of obtaining sigle phase
Zr-based MAX phases. Effects of impurities and O on Zr-based
MAX phases synthesis will be discussed.
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1:50 PM

(ICACC-S12-002-2018) TEM study of Ti,SiC, thin films
synthesized on 4H-SiC

C. Bail'; C. Furgeaud'; G. Amiard'; T. Cabioch'; M. Beaufort'; J. Nicolai';
B. Levraut*'

1. Institut PPRIME, France

In this work, the formation mechanisms of MAX phases Ti,SiC,
onto 4H-SiC during thermal annealing at high temperature
(700-1000°C) of TiAl, layers were investigated. To optimize the
growth process, annealing parameters (temperature, dwelling time)
were varied systematically and the microstructural evolution of the
film and its orientation relationship with the substrate were investi-
gated by XRD and TEM/STEM while the evolution of the chemical
composition was studied by EDXS. The thin film structure and its
composition are both, time and temperature dependent. At low
temperatures (700-800°C) the Ti,AIC MAX phase is obtained, the
crystallinity quality of the film increasing with the annealing time.
At higher temperature (above 900°C) and for short annealing times,
the formation of both Ti;(Si,Al)C, and Ti,AIC MAX phases was
observed. Nevertheless, when increasing the annealing time the 312
MAX phase becomes predominant. Moreover, a large quantity of
the initial TiAl, remains present even for long annealing times. This
observation seems to indicate that the MAX phase acts as a diffusion
barrier.

2:10 PM

(ICACC-S12-003-2018) Lightweight MAX phases - based
materials heat-resistant in oxidizing and hydrogen atmosphere

T. Prikhna*’; O. Ostash’ V. Sverdun'; T. Cabioch®; M. Karpets'; L. Jaworska®;

A. Ivasyshin’ S. Dub'; A. Kuprin’

1. Institute for Superhard Materials of the National Academy of Sciences of
Ukraine, Ukraine

2. Karpenko Physical-Mechanical Institute of the National Academy of
Sciences of Ukraine, Ukraine

3. Universite de Poitiers, CNRS/Laboratoire PHYMAT, UMR 6630 CNRS
Universite de Poitiers, France

4. The Institute of Advanced Manufacturing Technology, Poland

5. National Science Center Kharkov Institute of Physics and Technology,
Ukraine

The dense MAX-phases-based materials of Ti,Nb-Al-C systems of
211 and 312 structural types are stable in hydrogen and oxidizing
environments at 600 °C, are about twice lighter and more stable in
air than Cr-containing Crofer steels widely used as interconnects for
hydrogen fuel cells. The most resistant in air at 600 °C (for 1000 h)
among the studied materials turned out to be Ti,AlC-based and
somewhat less stable (Ti Nb),AlC, - based. The Auger study
confirmed the presence of some oxygen in the structures of Ti,AlC
and (Ti,Nb),AlIC, what can be the explanation of their high stability
against oxidation. The oxide films on the surfaces of the materials
with Nb were thinner. Ti,AlC,-based materials demonstrated 4.6-5.8
GPa microhardness at 5 N load, 500-570 MPa bending and 700-1300
MPa compression strengths, their fracture toughness reached
10.2+0.4 MPaeVm, and electrical conductivity 2.7¢ 10° Sm/m at
20 °C. The bending strength of Ti,AlC,-based material in air at
20 °C was 535 MPa, after been keeping at 600 °C in air and hydrogen
it decreased to 490 and 500 MPa, respectively. For (TiNb),AlC, -
based materials the bending strength at 20 °C in air was 480 MPa,
but increased for 10% after heating at 600 °C in air and in hydrogen.

*Denotes Presenter
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2:30 PM

(ICACC-S12-004-2018) Synthesis of Phase-Pure (Zr,Ti),(ALSn)C
MAX Phase Solid Solutions

K. Lambrinou*'; B. Tunca Altintas'; T. Lapauw'; R. Delville'; ]. Hadermann?
J. Vleugels®

1. SCK-CEN, NMS, Belgium
2. University of Antwerp, EMAT, Belgium
3. KU Leuven, Dept. Materials Engineering, Belgium

Good resistance to high-temperature steam oxidation is a prerequi-
site for candidate coating materials on accident-tolerant fuel clads
designed for Gen-II/III light water reactors. In order to improve
the oxidation resistance of Zr-Al-C MAX phases, (Zr,Ti)-Al-C solid
solutions were made, but the production of phase-pure ceramics in
this system proved challenging due to the concurrent production
of large amounts of ‘parasitic’ phases, such as (Ti,Zr)C carbides and
intermetallics. Since assessing the intrinsic oxidation behaviour of
novel materials requires testing of phase-pure material grades, quasi-
phase-pure (>99%) (Zr,Ti)-(Al,Sn)-C MAX phase solid solutions
were produced in this work. No (Ti,Zr)C carbides or intermetallics
were detected by X-ray diffraction (XRD) of (Zr,_,,Ti,),(Alys,Sn5)
C ceramics with 0.33 =< x < 0.90, while other compositions (x=0,
0.1, 1) contained limited amounts (5-15%) of ‘parasitic’ phases.
This showed that adding Sn enables the production of phase-
pure 211-type MAX phases in the Zr-Ti-Al-C system. The effect
of processing parameters (e.g., applied pressure and sintering
atmosphere) on the phase purity and microstructure of ceramics
produced from identical Zr-Ti-Al-Sn-C powder mixtures was
also studied. Thermal expansion coefficient determination of (Zr,.
oTi),(Aly5Sn,s)C MAX phase ceramics with x=0-1 was performed
by Rietveld refinement of high-temperature synchrotron XRD data.

2:50 PM

(ICACC-S12-005-2018) Preparation of TiC/Ti,AlC constituent
gradient coating on carbon fiber and investigation on the
oxidation resistance properties

M. Li*'; J. Wang'; L. He'; F. Huang'; S. Du'; Q. Huang'
1. Ningbo Institute of Industrial Technology, Chinese Academy of Sciences,

Engineering Laboratory of Specialty Fibers and Nuclear Energy Materials,
China

A thickness controllable TiC/Ti,AlC coating was fabricated on
carbon fiber by an in-situ reaction in molten salt bath. The constit-
uent of the coating varies along with the radial direction, thus the
coating shows a multi-layer structure, in which the inner layer is TiC
and the outer layer is Ti,AlC. The oxidation resistance properties
of the as-prepared TiC/T1,AlC coated carbon fiber in static air and
water vapor at 600 °C were investigated. The results show that the
as-prepared TiC/Ti,AlC coating could provide good protection for
carbon fiber in both static air and water vapor. Since both TiC and
Ti,AlC has good irradiation resistance, the present work provides
a potential way to development irradiation resistant interphase of
C/SiC and SiC/SiC composites for nuclear applications.

*Denotes Presenter

Theoretical Perspective for Designing MAX Phases
and Novel Applications and Processing Methods for
Synthesizing MAX Phases - 11

Room: Tomoka B
Session Chairs: Per Eklund, Linkoping University; Miladin Radovic,
Texas A&M University

3:30 PM

(ICACC-S12-007-2018) Computational approach to structural,
mechanical, and thermodynamic properties of Ti;(Si,Al,.,)C,

W. Son*'; A. Talapatra'; T. Duong’; H. Gao’; M. Radovic'; R. Arroyave'

1. Texas A&M University, Materials Science and Engineering, USA
2. Texas A&M University, Mechanical Engineering, USA

In this work, we used the first-principle calculations to study struc-
tural, mechanical, and thermodynamic properties of Ti,(Si,Al,.,)
C,. The first-principle calculations were based on the Density
Functional Theory (DFT), which is implemented in the Vienna
Ab initio Simulation Package (VASP). We are looking for two
pure MAX phases, Ti;AlC, and Ti,SiC,, and their solid solution,
Ti,(Siy5Al,5)C,, and the solid solution is modeled using special
quasirandom structures (SQS), which is generated by the Alloy
Theoretic Automated Toolkit (ATAT). We have calculated lattice
parameters, elastic modulus, coefficient of thermal expansion (CTE),
and heat capacity, and they agree well with experimental results. In
addition, we studied the deformation behavior in terms of cleavage
energy and stacking fault energy. Cleavage energy is calculated
by cleaving M and A layers, since M-A bond strength is known as
weaker than M-X bond strength. Stacking fault energy is calculated
by shearing the structure, then relax the structure to vanish all stress
components, which do not correspond to the shear deformation.
For the stacking fault energy calculation, we used external optimizer
GADGET to carry out full relaxation while fixing the shear angle,
since VASP does not allow relaxation under arbitrary constraints.

3:50 PM

(ICACC-S12-001-2018) Relationship between microstructure
and oxidation resistance of the Ti,AIC MAX phase produced by
powder metallurgy route

B. Levraut*'; S. Dubois’; V. Gauthier'; P. Chartier'
1. Institut PPRIME, DPMM, France

During the last decades, new materials have been designed in order
to cope with new challenges in high temperature structural mate-
rials’ domain. In this context, MAX phases deserve to be considered.
These ternary compounds are characterized by a hexagonal struc-
ture composed of ceramic octahedron (M¢X) interleaved with A
metallic layers; M stands for an early transition metal, A is a IIIA to
IVA element of the periodic table and X stands for carbon and/or
nitrogen. Oxidation studies of MAX phases that contain aluminum
as A element have shown relatively good results. Indeed, oxidation
of these materials leads to a passivating, dense and resistant a-alu-
mina layer at high temperature. This study focuses on the oxidation
behavior of Ti,AIC MAX phase due to its high aluminum content,
its low density and its crack healing ability. Two very different
Ti,AIC microstructures have been produced by HIP and SPS powder
metallurgy processes. Impurities have been identified using Energy
Dispersive X-ray Spectroscopy analyses. Grain sizes and impurity
contents have been carefully measured by Optical and Scanning
Electron Microscopies coupled with image analysis. Oxidation
behavior has been investigated at 1000°C under synthetic air to
highlight the relationship between microstructure and oxidation
resistance.
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4:10 PM

(ICACC-S12-009-2018) High temperature water vapor oxidation
of typical MAX phases for ATFs

Y. Lei*’; J. Zhang'; X. Wang'; J. Wang'

1. Institute of Metal Research, Chinese Academy of Sciences, High-
performance Ceramics Division, China

Development of accident tolerant fuel (ATF) for light water reactors
(LWRs) that possesses enhanced oxidation resistance under extreme
conditions has gained attentions after the accident at Fukushima
in 2011. One of ATF strategies is applying a protective coating on
the zircaloy cladding to delay the onset of severe LWR core degra-
dation. MAX phases are believed to be attractive coating candidates,
for they combine the merits of both metal and ceramic, such as high
modulus, high thermal conductivities, excellent high temperature
corrosion resistance and easy machinability. In this work, typical
MAX phases, including Ti,SiC,, T1,AlC and Ti,AlC,, are exposed to
controlled-steam environcment at 900-1200 °C simulated as Loss
of Coolant Accident (LOCA) scenario in LWRs. For pure Ti;SiC,
phase, the oxide scale is almost composed of an outer layer of dense
pure rutile and an inner layer of mixture of TiO, and SiO,, while at
1200 °C, cracks are formed in the outer layer. For the Al-containing
MAX phase, the oxidation results in a thin continuous protective
AL, layer at all the temperature with comparable oxidation rate
to that in air, exhibiting good oxidation resistance in water vapor
environment.

4:30 PM

(ICACC-S12-010-2018) Densification and Phase Evolution of
SHS Derived MAX Phase Ti,SiC, Active Precursor Powders
during Hot Pressing Processes

L. Chlubny*'; J. Lis'; P. Borowiak'; K. Chabior'; K. Kozak'
1. AGH-University of Science and Technology, Poland

Ti,SiC, is one of the most popular compounds which belong to the
interesting group of ternary nanolaminate materials called MAX
phases. These compounds are characterised by heterodesmic chem-
ical bonding and thanks to this fact they are characterized by the
unique set of properties situating them between metals and ceramics.
Self-propagating High-temperature Synthesis (SHS) is one of the
best methods of synthesizing fine active precursors powders of MAX
phases. This method utilizes exothermal effect of the chemical reac-
tion in adiabatic conditions and allows obtaining many compounds
such as nitrides, carbides, composites, intermetallics, etc. at low
energy consumption and with high efficiency and at relatively short
time. In this paper authors would like to present results of investiga-
tion on densification and phase evolution phenomenon during hot
pressing of various Ti,SiC, active precursor powders manufactured
by SHS method. Powders were synthesized by SHS with local igni-
tion system from elemental metallic powders with stoichiometric
proportions and with excess amount of silicon. The selected powders
were hot-pressed at temperatures range from 1350 to 1500°C.
The phase evolution and apparent densities of obtained samples
were examined in order to establish the optimal conditions for
manufacturing of near single phase Ti,SiC, material.

4:50 PM

(ICACC-S12-011-2018) A Review of Different Types of MAX-
Metal Composite Systems for Multifunctional Applications
M. Dey*'; M. Fuka'; S. Gupta'

1. University of North Dakota, Mechanical Engineering, USA

It is well known that M, ,;AX, (MAX) phases (over 60+ phases)
are thermodynamically stable nanolaminates. These phases display
fascinating properties like damage tolerance, thermal shock resis-
tance, machinability, and hardness between 2-8 GPa. Recently, we
showed that it is possible to manaufacture novel composites where

34 42nd International Conference & Exposition on Advanced Ceramics & Composites

MAX Phases act as reinforcements in metal matrix (MRMs). In this
presentation, we will present a comprehensive review of some of the
recent studies on designing MAX phase reinforced composites.

S13: Advanced Ceramics and Composites for
Nuclear Fission and Fusion Energy

ATF and Coating Technologies

Room: Coquina Salon H

Session Chairs: Kurt Terrani, Oak Ridge National Lab;
Monica Ferraris, Politecnico di Torino

1:30 PM

(ICACC-S13-001-2018) Mechanistic Mesoscale Simulation of
U0, Sintering and Densification (Invited)

M. R. Tonks*’; I. Greenquist’; Y. Zhang’

1. University of Florida, Materials Science and Engineering, USA

2. Pennsylvania State University, Mechanical and Nuclear Engineering,
USA

3. Idaho National Lab, USA

Light water reactor fuel pellets are fabricated by sintering UO,
powder until it reaches greater than 97% density. During the early
stages of reactor operation, the fuel pellets continue to densify,
resulting in an increase in the gap width between the fuel and clad-
ding and a resultant increase in fuel centerline temperature. For this
reason, it is critical that we understand the mechanisms involved
in sintering and how these mechanisms change in reactor. For this
reason we are developing a mesoscale model of UO, sintering using
the phase field method coupled with heat conduction, mechanics,
and radiation damage. The model is being developed using the
MARMOT mesoscale nuclear materials code. In this presentation,
we summarize the sintering model, demonstrate its capabilities, and
how it is being used to improve our understanding of nuclear fuel
densification.

2:00 PM

(ICACC-S13-002-2018) LCVD Approaches for Novel Accident
Tolerant Fuel Concepts

S. Harrison*'; J. Pegna'; J. L. Schneiter'; R. K. Goduguchinta'; E. G. Vaaler';
K. L. Williams'

1. Free Form Fibers, USA

Free Form Fibers (FFF) continues to make inroads on innovative
nuclear fuel concepts for accident tolerant fuel using the laser-driven
chemical vapor deposition (LCVD) process. Both fuel in fiber (FiF)
and fuel as fiber (FaF) designs are being demonstrated in fabrica-
tion evaluations, in part to prepare samples for autoclave testing, as
well as continued performance modeling in partnership with MIT’s
Nuclear Science and Engineering department. FFF’s high perfor-
mance fiber manufacturing capabilities have significantly advanced
to produce high volume, long, continuous fibers for advanced
ceramic matrix composite (CMC) applications. This validates
the LVCD approach for producing FiF and FaF-based fiber arrays
necessary for composite layup and manufacturing. FiF development
is focused on demonstration of precision spot-coating on the LCVD-
produced long fiber substrates. FaF efforts are primarily driven
to form a fiber forest on a substrate, utilizing a depleted uranium
gas precursor to deposit uranium nitride and uranium disilicide
materials in the individual fiber rods that compose the forest. FFF
is exploring different matrices to complete the forest composite,
including glass-based materials. These FaF forest composites are
planned for chemistry evaluation in pressurized water reactor
(PWR) conditions via autoclave testing.
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2:20 PM

(ICACC-S13-003-2018) Synthesis and Thermophysical Properties
of ThN

S.S. Parker*'; J. T. White'; A. Parkison? P. Hosemann®; A. T. Nelson'

1. Los Alamos National Laboratory, Material Science and Technology
Division, USA

2. Los Alamos National Lab, USA

3. University of California, Berkeley, Nuclear Engineering, USA

Thorium-based nuclear fuel cycles represent an intriguing alter-
native to conventional nuclear fuels. The majority of thorium
fuels tested and analyzed to date are oxide or metal fuel forms, but
a thorium cycle constituted using a nitride architecture would offer a
number of performance benefits. Thorium mononitride (ThN) has a
higher actinide density than thorium oxide and a significantly higher
melting point compared to thorium metal. The thermal conductivity
of ThN far exceeds that of UO, in the temperature range relevant to
nuclear reactor operation. ThN produced by a novel carbothermic
reduction to nitridation (CTRN) process was sintered to produce
high density (>90% theoretical) pellets for initial thermophysical
property measurements. The thermal diffusivity, heat capacity, and
thermal expansion data for ThN from room temperature to 1700 K
are presented and discussed with respect to the benefits of a mixed
thorium-uranium nitride fuel cycle.

2:40 PM

(ICACC-S13-004-2018) Processing of urania fuel with novel
additives starting from sol-gel feedstock

S. C. Finkeldei*'; R. Hunt'; J. Kiggans'; K. Terrani'
1. Oak Ridge National Lab, USA

Inclusion of additives in urania may be desired to enhance its
thermal properties or fission product retention characteristics. In
our earlier proof of concept study an increase in the thermal conduc-
tivity, up to 45%, was demonstrated for ZrO, based ceramics, by
addition of molybdenum and its specific distribution and micro-
structure. These fabrication routes will be adopted and extended for
the fabrication of urania ceramics with various additives. The influ-
ence of a variety of additives such as molybdenum, chromia,
alumina, and silica as well as the impact of their concentrations will
be studied regarding the thermal properties of the final ceramics
and their microstructural characteristics. Moreover, the influence
of different blending techniques will be explored. Finally, multiple
additive urania ceramics will be fabricated to look for correlations
between the various additives regarding the final properties of the
ceramics.

3:20 PM

(ICACC-S13-005-2018) Electric Current Assisted Joining of SiC-
based Ceramic Matrix Composites (Invited)

P. Tatarko*'; S. Grasso’ T. Saunders’; V. Casalegno’; M. Ferraris’; M. Reece’

1. Institute of Inorganic Chemistry, Slovak Academy of Sciences,
Department of Ceramics, Slovakia

2. Queen Mary University of London, United Kingdom

3. Politecnico di Torino, Italy

Spark Plasma Sintering (SPS) machine was employed to join
CVD-SiC coated C/SiC composites with a Ti interlayer utilising
both indirect heating via graphite dies (standard SPS process) and
direct heating using a die-less configuration. The purpose of the
work was to bring together the flash processing and the joining of
ceramics, thus allowing flash joining of ceramics. During the flash
joining, a sound joint with the highest apparent shear strength of
31.4 MPa, which corresponds to the interlaminar shear strength of
the composites, was obtained within just 7 seconds. An extremely
rapid heating rate of 9,600°C/min combined with a very short
processing time significantly suppressed the diffusion of both

*Denotes Presenter

C and Si into the Ti interlayer. A maximum corresponding joining
temperature was ~ 1250°C at the maximum heating power of 2.2
kW. When a standard SPS process was applied (heating rate of
100°C/min), formation of the reaction products at the interface
suppressed the solid state diffusion bonding at the same temperature
of ~1250°C. The temperature as high as 1700°C was necessary to
achieve bonding. This led to the in-situ formation of a MAX phase
Ti,SiC, in the joining area, accompanying with significant shrinkage
and infiltration. The flash joining results showed a significant reduc-
tion in a processing time and the maximum temperature required,
when compared to the standard SPS joining processes.

3:50 PM

(ICACC-S13-006-2018) Arc Welding of SiC Based Ceramics
D. King*'; J. Watts’ K. Cissel’; S. Ganti'; A. Kadhim'; G. Hilmas;

W. Fahrenholtz’

1. UES, Inc., USA

2. Missouri University of Science & Technology, USA

Plasma arc welding and gas tungsten arc welding techniques were
explored as potential joining technologies for the fabrication
of complex ceramic shapes. Flat plates of SiC-based monolithic
ceramics with a nominal composition of 50 vol% SiC, 35 vol% ZrB,,
and 15 vol% ZrC were first fabricated by hot-pressing. Hot-pressed
plates were then used in welding experiments to determine the
plasma arc welding parameters necessary for fusion welding of the
parent material. The microstructure of the resulting fusion zones
were examined to analyze the solidification path of the weld pool.
The strength of the joined monolith was compared with the base
material through four-point flexure testing. Successful demon-
stration of butt welds was utilized to demonstrate that arc welding
techniques could be used to join ceramics in other joint configura-
tions, for the fabrication of complex shapes. The fabrication and arc
welding of fiber reinforced ceramics was also explored and will be
discussed.

4:10 PM

(ICACC-S13-007-2018) Development of the High Temperature
Joints for Carbon-Based Materials

R. Piat*'; B. Reznik’ M. Rohde? S. Lichtenberg’; O. Deutschmann’;
H.]J. Seifert’

1. Darmstadt University of Applied Science, Germany
2. Karlsruhe Institute of Technology, Germany

Due to their light weight, exceptional strength, stiffness, structural
stability at elevated temperatures and the possibility to tailor their
thermo-mechanical properties by microstructure design, carbon-
based composites are the material of choice for the high-temperature
applications. Some examples of the application of these materials are
nuclear safety structures or a thermal protection material used for
spacecraft heat shields. One of the important questions by utiliza-
tion of these materials is in which way connect different components
produced from these materials to largescale or complex shape
component without reduction resulting thermo-mechanical prop-
erties or degradation of the whole structure. In last year’s several
methods were developed for joining carbon-based materials, such as
glass material bonding and reactive metal brazing etc. Nevertheless,
joints produced with above-mentioned interlayer material only
can be used for low temperature application. In presented studies
components consisting of the high textured Pyrolytic Graphite were
joined using chemical vapour infiltration technique. In this way the
resulting joined material is pour carbon-based structure, the joining
layer consists of Pyrolytic carbon and can be used for the high
temperature applications. The light microscopic, thermal conduc-
tivity and resistance studies of the obtained structure were provided.
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4:30 PM

(ICACC-S13-009-2018) Thermal conductivity modeling of UN/
U,Si, composites

A. W. Travis*'; J. T. White’; A. T. Nelson?

1. University of California, Irvine, USA
2. Los Alamos National Lab, USA

The thermal conductivity of novel uranium nitride (UN) and
uranium silicide (U,Si,) composites is investigated for poten-
tial application as an accident tolerant fuel with higher uranium
density than conventional UO, nuclear fuel. Specimens of various
compositions ranging from 10 vol% to 40 vol% U,Si, with balance
UN were fabricated and then characterized via SEM and XRD.
Microstructures from SEM images are used as the input for
thermal conductivity modeling using a combination of OOF2
(Object oriented finite element analysis version 2) and MOOSE
(Multiphysics object oriented simulation environment). Single phase
thermal conductivity values for each phase are used as inputs for
simulations from 373 K to 1673 K. Using pure UN and U,Si, values
yielded MOOSE model results that were ~9% higher than the corre-
sponding experimental results, determined from a combination
of thermal diffusivity, specific heat capacity, and density measure-
ments. This deviation is attributed to an unknown U-Si-N phase
with unknown thermal properties. The thermal conductivity of this
phase is estimated using a Rule of Mixtures calculation and used in
subsequent models. With the addition of the third unknown phase
into the MOOSE models, the experimental and simulated results
for the 20 vol% - 40 vol% U,Si, composites show good agreement.
Thermal conductivity of irradiated material is also estimated by
assuming thermal degradation in the U,Si, phase.

4:50 PM

(ICACC-S13-010-2018) Numerical Analysis of Multi-pellet
Fabrication of UO, fuel pellets using Spark Plasma Sintering

B. Nili*'; G. Subhash’; J. S. Tulenko'

1. University of Florida, Material Science and Engineering, Nuclear
Engineering Program, USA

In recent years, spark plasma sintering (SPS) techniques has been
successfully used to sinter net-shaped uranium dioxide (UO,) fuel
pellets with 97% density. Compared to conventional sintering, in
SPS, these fuels have been sintered in a significantly lower processing
time (few minutes) and lower sintering temperatures (as low as
1100 °C). The quality of sintered fuel pellets for in-reactor fission
performance requires high quality of pellets with uniform micro-
structure and fewer defects. Therefore, a detailed understanding of
the science behind the sintering process using SPS is necessary in
order to improve the reproducibility of fuel pellet fabrication, which
is expected to enhance reactor performance. Towards this end, a
coupled thermal-electrical-mechanical finite element (FE) model is
implemented to analyze the consolidation process of UO, powder
at elevated temperatures and pressures. The results indicate that
considerable heterogeneity in temperature distribution exists in the
tooling assembly, especially when multi-pellet fabrication is pursued.
New strategies for obtaining uniform temperature distribution and
consequently homogeneous microstructures are proposed.
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S14: Crystalline Materials for Electrical,
Optical and Medical Applications

Phosphor

Room: Tomoka C

Session Chairs: Joanna McKittrick, UC San Diego; Isabel Kinski,
Fraunhofer IKTS

1:30 PM

(ICACC-S14-001-2018) Optimization of polycrystalline ceramic
phosphors for applications with blue-light excitation by laser and
light-emitting diodes (Invited)

L. Kinski*'; G. Eberhardt’; M. Kunzer’; M. Arnold*

1. Fraunhofer IKTS, Business Division Optics, Germany

2. Laser Display Technology GmbH, Germany

3. Fraunhofer IAF, Optoelectronic, Germany

4. Fraunhofer IKTS, Functional Materials for Hybrid Microsystems,
Germany

For the generation of white light the most commonly used approach
is based on colour mixing of blue and yellow light to achieve the
desired white light. The yttrium aluminium garnet (YAG) doped
with cerium is used as inorganic phosphor for the conversion of
the blue excitation light into yellow light. For high power white
light sources thin ceramic discs are crucial for high luminance, and
luminous efficacy. It is important to adapt the microstructure of
the phosphor ceramic that is used as light conversion component
to the specific excitation source, the geometry, and module design.
Depending on the excitation source (LED or laser) as well as the
arrangement of the ceramic disc in either transmissive or reflective
geometry, the microstructure of the polycrystalline ceramic discs has
to be changed, respectively in order to provide still high luminous
efficacies. Additionally, the surface finish influences the efficiency
strongly next to the surface microstructure and volume scattering
centers. In and out coupling of light can be adjusted by different
surface finishes, while the microstructure influences the propagation
of light and heat dissipation. In order to control the angular-depen-
dent colour impression volume scattering in the ceramic converter
discs and structuring of the surface have been investigated regarding
their influence.

2:00 PM

(ICACC-S14-002-2018) Crystal Growth of Silicate Phosphors
using SiO Vapor (Invited)

K. Toda*!

1. Niigata University, Japan

In this syudy, we report a new solid-vapor hybrid synthesis technique
of silicate phosphors using gaseous SiO raw material. Vaporization
of SiO was performed at over 1673 K from a silica source (or SiO
powder) in H,-Ar reduction atmosphere. The heating of the silica
source (or SiO powder) in strong reductive atmosphere occurs to
generate gaseous SiO, which reacted with the other raw materials
powders on the substrate. In this method, well-grown powders
with a micrometer size were mainly observed because of relatively
slow nucleation. As an example, green emitting Ba,SiO,:Eu** phos-
phor can be synthesized by a new solid-vapor phase technique.
Emission intensity of the phosphor synthesized by new solid-vapor
phase technique at 1723 K is about 2.6 times higher than that of a
conventional solid state reaction sample. This is due to high crystal-
linity and relatively few defects for the solid-vapor phase processed
samples. The developed solid-vapor hybrid process is a general and
powerful tool for synthesizing the well-crystalline and -grown sili-
cate phosphors. To the best of our knowledge, no such a solid-vapor
synthetic process for the production of well-grown silicate phos-
phors has been found up to now.
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2:30 PM

(ICACC-S14-003-2018) Development of phosphor-in-glass for
high power solid state lighting system (Invited)

S.Kim*'; Y. Nam'; B. Kim'; J. Hwang'; J. Kim'; Y. Lee'; D. Jeon'
1. Korea Institute of Ceramic Engineering and Technology (KICET),
Republic of Korea

Recently, the phosphor-in-glass (PiG) has been extensively investi-
gated as the promising materials for high power solid state lighting
system due to their excellent thermal and chemical stabilities, good
heat- or light-resistance and ease of formability. Several studies have
been conducted to achieve the high optical efficiency of the PiG by
modifying the refractive index of the glass, composition of glass, as
well as the particle size of the phosphor and content of the phosphor
in glass. In our research group, we have focused on glass materials,
such as the composition, light transmission, glass frit size, to realize
the novel PiG with a high luminescent efficiency. It was demon-
strated in our previous studies that the luminescence efficiency of
the PiG strongly depended on the glass materials. In this study, we
present the luminescent properties of the PiG controlled the glass
composition, frit size, and transmission and discusses on the effect
of the glass materials on the luminescent properties of the PiG.

3:20 PM

(ICACC-S14-004-2018) Phosphor composition prediction and
synthesis using a combined experimental and computational
approach (Invited)

J. McKittrick*'; J. Ha'; Z. Wang'; O. Graeve'; S. Ong'
1. UC San Diego, USA

The search for new phosphor compositions that can be acti-
vated by near UV-LEDs (370 - 410 nm) is needed to (1) extend
the color range and provide a high color rendering index, (2)
increase quantum efficiency and (3) improve thermal stability.
A high throughput screening of quaternary oxides was carried
out. The motivation for this is that ternary compositions are well
explored. We chose oxides because they are easier to synthesize
than nitrides. A focus was placed on light, electropositive elements
to enhance the structural rigidity and to be able to tune the band
gap. We have discovered new phosphors for various Eu**-activated
complex oxide compositions by calculating the band structure and
projected orbital density of states from which the excitation wave-
length can be determined. The new compositions were fabricated by
a variety of wet chemical synthesis methods along with solid-state
reaction. The excitation and emission wavelengths were measured
along with the quantum efficiencies and thermal stability. These and
other pertinent topics will be discussed. This research is supported
by NSF Ceramics Program Grant # DMR-1411192.

3:50 PM

(ICACC-S14-005-2018) Exploration of novel silicate phosphors

by crystal-site engineering approach (Invited)

Y. Sato*!; K. Tomita’ M. Kakihana®

1. Okayama University of Science, Department of Chemistry, Faculty of
Science, Japan

2. Tokai University, Department of Chemistry, School of Science, Japan

3. Tohoku University, Institute of Multidisciplinary Research for Advanced
Materials, Japan

Silicon-based nitride phosphors such as CaAlSiN;:Eu®" and
Sr,Si;NgEu’* exhibit an excellent red-light emission excited by blue-
light region. However, it is difficult to prepare these silicon-based
nitride phosphors in pure form with uniform particle size because
it should be needed to sinter precursor powders under high pressure
and temperature conditions. On the contrary, Eu**-activated silicates
with alkaline-earth ions have been reported as high efficient phos-
phors. Such silicate phosphors in pure form can be easily obtained
by simple preparation techniques without any critical conditions
for silicon-based nitrides mentioned above. Therefore, productivity

*Denotes Presenter

and production cost for silicate phosphors are advantageous for the
commercial production of red phosphors. We have recently found
new red-emitting Ca,SiO,:Eu** phosphors with higher Eu** concen-
trations at 20-40 mol.% excited by blue-light region. In the case of
the Ca,SiO,:Eu** phosphors, from a crystallographic point of view,
it is possible to customize the luminescence color of Ca,SiO,:Eu**
by employing crystal-site engineering (CSE) approach. Other
silicate phosphors includeing M,SiO,:Eu”" (M =Sr and Ba) and
Ca,ZrSi,0,:Eu* are also discovered by the CSE approach, the results
of which will be given at the day of our presentation.

4:20 PM

(ICACC-S14-006-2018) Plate and powder form of single crystal
phosphors for high-brightness white lighting

K. Shimamura*'; V. Garcia'; D. Inomata’ A. Ito’

1. National Institute for Materials Science, Japan
2. Tamura Corporation, Japan
3. Koha Co., Ltd., Japan

Currently, production is based on ceramic powder phosphors
(CPPs) embedded in binders with a low thermal conductivity, which
easily overheat and degrade under high blue irradiation. In order
to overcome these drawbacks in high-brightness (HB) applications,
we have proposed the use of single-crystal phosphors (SCPs), which
exhibit a superior conversion efficiency, a high thermal stability
and a low temperature increase under high-power irradiation. SCPs
possess a high purity and crystalline quality, thus guarantying best
performance in either bulk or powder form. The best yellow phos-
phor for white LEDs is Ce:YAG, and its emission can be gradually
tuned towards the red and the green by Gd and Lu substitution
on the Y-site, respectively. Independently of the Lu content, SCPs
exhibit an outstanding internal quantum efficiency (QE); at room
temperature it’s over 95%, and with the temperature rise it increases
even further, reaching a maximum at about 250°C. Instead, the
internal QE of CPPs even quenches at much lower temperatures,
indicating the presence of undesired non-radiative recombination
paths. These show that, SCPs meet the fundamental requirements
for emerging HB applications such as laser headlights and laser
projectors. Binder-free SCP powder plate is demonstrated, and it has
shown the performance as SCP plates.

4:40 PM

(ICACC-S14-007-2018) Microstructures and their relevance to
photoluminescence in SrAl,O,

S. Mori*!
1. Osaka Prefecture University, Materials Science, Japan

SrAl O, is a promising host material exhibiting long afterglow lumi-
nescence and elasticoluminescence behaviors, which are associated
with changes in the local electronic structure due to strain fields
induced by the application of an external stress. Recently, some
anomalies of elastic properties have been reported in the monoclinic
phase below 650 K. It is suggested that these anomalies of elastic
behaviors are related with the motion of defects such as domain
walls. It is important to elucidate the ferroelastic microstructures for
understanding elastic behaviors and mechanoelectroc-optical prop-
erties in SrAL,O,. In order to understand unique photoluminescence
effect in Eu** doped SrAl,O,, we have investgated crystal structure
and its associated microstructures of the monoclinic phase with the
P2, space group mainly by transmission electron microscope (TEM)
experiments, combined with powder x-ray diffraction experiments.
Electron diffraction experiments showed that the monoclinic phase
of Euy,Sr,4ALO, should be characterized as the modulated struc-
ture with the modulation vector of q=0 1/2 0. High-resolution TEM
experiments revealed that the monoclinic phase can be characterized
as microstructures due to the modulated structures with nanome-
ter-sized planer structures. These nanosized modulated structures
should be relevant to the characteristic photoluminescence effect
found in Eu** doped SrAlQ,.
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5:00 PM

(ICACC-S14-008-2018) Sol-Gel-Derived CaTiO,:Pr** Thin Films
for Wavelength Conversion (Invited)

T. Hayakawa*'; H. Nakamori'

1. Nagoya Institute of Technology, Department of Life Science and Applied
Chemistry, Japan

Development of down-shift phosphors which convert near-ultravi-
olet(UV) to visible/near-infrared light is required in active research
fields of solar cells and white light emitting diodes (W-LEDs).
Recently, we reported synthesis of transparent thin films of Pr**-
doped CaTiO; and their sharp, red photo-/cathode-luminescence
(PL/CL) for optoelectric applications (Y.Ishikawa, T.Hayakawa,
K.Inoue, M.Nogami, J.Sol-Gel Sci.Technol. 65 (2013) 324.). The thin
films exhibited strong UV absorption in the range of 250-340 nm,
which should however be extended to longer wavelengths for photon
harvest in solar cells. In the presentation, we’ll report our facile
synthesis of (Ca,Bi)TiO,:Pr’* and Bi-assisted photon conversion of
near-UV to visible light. Under 350 nm excitation, the synthesized
Pr’**-doped Ca, Bi, TiO, (CBTO) thin films (x=0~0.20) exhibited a
sharp PL line at 612 nm assigned to 'D,’H, transition of Pr’* ions.
For non-Bi-doped CTO:Pr** film the PL had a excitation peak
at 315 nm and rather small PL intensity under 350 nm excitation.
When Bi** ions were introduced, the excitation band was extended
to longer wavelength up to 400 nm and the red PL intensity under
350 nm excitation was increased, which was due to metal-to-metal
charge transfer (MMCT) band of Bi** ions, meaning efficient energy
transfer from Bi** to Pr’* ions, applicable as photon harvest materials
in solar cells.

S15: Additive Manufacturing and 3-D
Printing Technologies

Stereolithography I
Room: Coquina Salon B
Session Chair: Soshu Kirihara, Osaka University

1:30 PM

(ICACC-S15-001-2018) Ceramic Additive Manufacturing: From
Basic Science to Aerospace Opportunities (Invited)

M. B. Dickerson*'; L. M. Rueschhoff’; L. A. Baldwin'; C. C. Wyckoff';
T. Pruyn; G. Wilks'; Z. D. Apostolov'; T. Key'; H. Koerner'; M. Dalton';
M. Cinibulk

1. Air Force Research Laboratory, Materials and Manufacturing
Directorate, USA

Advancements in additive manufacturing (AM) technologies and
the proliferation of relatively inexpensive 3D printing systems
have fueled an explosive increase in the capabilities and interest in
bottom-up fabrication methodologies. Though much of the AM
field is devoted to the printing of select metal alloys and relatively
low-performance polymers, recent innovations in the processing
of ceramics present considerable opportunities for scientific study
and practical application. The digital design, complexity, and locally
tailorable properties afforded by AM are especially enabling for the
manufacture of ceramics, which have been challenging to shape
by traditional top-down approaches. In this presentation, we will
provide an overview of the opportunities and limitations of state-of-
the-art ceramic AM for aerospace applications. Additionally, efforts
in the development of pre-ceramic polymer-based inks and resins
for stereo lithography (SLA), multi-photon lithography (MPL), and
direct ink write (DIW) extrusion printing will be discussed. Effects
of polymer chemistry and rheology on printability, ceramic compo-
sition, and high-temperature performance of ceramic AM builds will
be detailed.
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2:00 PM

(ICACC-S15-002-2018) Advances in lithographic additive
manufacturing of dense ceramics - non-oxides and translucent
materials

M. Schwentenwein*'; A. A. Altun’; J. Homa'
1. Lithoz GmbH, Austria

This contribution focuses on new developments associated with the
lithographic-based ceramic manufacturing (LCM) process. While
lithographic techniques in general have taken a leading position in
additive manufacturing (AM) of highly precise and strong ceramic
parts, the available material portfolio is significantly smaller than
for powder bed processes or extrusion-based techniques. This is
mainly due to the difficult processing of darker powders because
of light absorption and scattering phenomena. By optimizing the
photocurable suspensions towards very high reactivity the printing
of materials such silicon nitride, silicon carbide and cermets could
be realized. Especially in the case of silicon nitride-based ceramics,
it was already possible to produce 3D printed parts with mechanical
properties which are at eye-level to conventionally formed compo-
nents. Very recently it could also be demonstrated that lithographic
AM can also be used to fabricate translucent alumina parts with a
grain size below 1 um, underlining the extremely high quality of
printed parts that can be obtained by using this approach.

2:20 PM

(ICACC-S15-003-2018) Additive manufacturing of flexible 3-3
ferrorelectric ceramic/polymer composite based on triply periodic
cellular micro-skeleton

X. Song*'; L. He'; W. Wang’; Z. Wang’; L. Chen’

1. University of Iowa, Mechanical and Industrial Engineering, USA
2. Mississippi State University, Mechanical Engineering, USA

3-3 ferrorelectric ceramic/polymer composites, i.e. three-dimen-
sional (3D) interconnected piezocomposites with continuous
piezoelectric ceramic skeleton, possess an excellent property combi-
nation of mechanical flexibility and piezoelectricity, compared
with other materials including pure ceramics, 0-3, 1-3 and 2-2
piezocomposites. While piezoelectric performances of 3-3 piezo-
composites are dependent on the meso-scale geometry of the active
piezoelectric ceramic phase in the composite, current manufacturing
processes are extremely limited in defining a desired meso-scale
geometry in a 3-3 piezocomposite. In this research, we investigate
the fabrication of 3-3 piezocomposites with predefined ceramic
micro-skeletons utilizing a Suspension Enveloped Projection
Stereolithography process (SEPS). Triply periodic cellular structures
are used in the design of the active piezoelectric ceramic phase due
to their larger elastic constants with respect to their rod-connected
counterparts. Post processes including debinding, sintering, poling
and polymer infiltration are presented. Mechanical and piezoelectric
properties of final 3-3 piezo-composites are analyzed by experi-
mental characterization and finite element modeling.

2:40 PM

(ICACC-S15-005-2018) Stereolithographic Additive
Manufacturing of Micro Ceramic Patterns by Ultraviolet Laser
Dewaxing and Sintering

S. Kirihara*!

1. Osaka University, Joining and Welding Research Institute, Japan

In stereolithographic additive manufacturing, cross sections were
created through photo polymerization by UV laser drawing on
spread resin paste including ceramic nanoparticles, and composite
models were sterically printed by layer lamination. An automatic
collimeter was equipped with the laser scanner to adjust beam diam-
eter. Fine or coarse beams could realize high resolution or wide
area drawings, respectively. As the row material, nanometer sized
ceramic particles were dispersed in to photo sensitive liquid resins at
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50 % in volume fraction. These materials were mixed and deformed
to obtained thixotropic slurry for 15 min at 700 and 300 rpm of rota-
tion and revolution speeds, respectively. The resin paste was spread
on a glass substrate at 100 um in layer thickness by a mechanically
moved knife edge. An ultraviolet laser beam of 355 nm in wave-
length was adjusted at 50 um in variable diameter and scanned on
the spread resin surface. Irradiation power was increased at 1 W for
resin dewaxing and powder sintering through heating by ultraviolet
ray propagations, resonations and absorptions in the paste mate-
rials. In this investigation, micro emboss patterns with square pits
of 100x100x70 um in edge sizes were opened in solid electrolyte
lithium-lantern-zirconate (LLZ) sheet of 100 um in thickness were
processed to applied for all solid batteries.

Stereolithography II
Room: Coquina Salon B
Session Chair: Martin Schwentenwein, Lithoz GmbH

3:20 PM

(ICACC-S15-004-2018) Influence of layer orientation on
microstructure and mechanical properties of ceramics processed
by stereolithography (Invited)

A. L. Leriche*'; M. Dehurtevent?; F. Petit’; ]. Hornez'; A. Thuault’;
L. Robberecht’; P. Behin®; F. J. Cambier?

1. University of Valenciennes, France, France
2. BCRC, RSE, Belgium
3. University of Lille 2, Dental Faculty, France

Subtractive CAD-CAM technologies have led to major improve-
ments in dentistry, making possible to produce reliable restorations
with accurate dimensions while reducing manufacturing time. Such
processes are limited by waste of raw materials, difficulty in recy-
cling excess material and heavy wear of tools. Microscopic cracks
weakening restorations can appear due to the milling. Additive
manufacturing processes avoid such limitations. Impact of slurry
composition on mechanical properties has been extensively studied
but not the influence of layer orientation. In this talk, we compare
mechanical properties of dense alumina and ZTA processed
by stereolithography, as a function of the layers orientation.
Samples were processed for 3 orientations: XY, ZX, ZY. Sizes were
1.3x4x22 mm. Physical properties of ceramics were assessed as well
as toughness and 3-point flexural strength. No difference of density
was found regarding the orientation of printed layers but fracture
toughness along XY was found significantly higher than with ZX.
All samples had large grains whose major axis was parallel to the
layer orientation. The fracture surfaces of XY and ZY manufactured
samples were transgranular whereas intergranular for ZX manufac-
tured samples. These results will be discussed and compared with
results published in the literature concerning electrophoretic depo-
sition process

3:50 PM

(ICACC-S15-035-2018) Inexpensive additive manufacturing
using waste materials

H. Colorado*!
1. Universidad de Antioquia, CCComposites Laboratory, Colombia

Additive manufacturing is an emerging technique growing dramat-
ically worldwide and changing the way we do manufacturing and
use materials science in many applications. Waste is a problem
difficult to solve because the increasing population of the world
and complex chemistry and processing involved in many recycling
solutions. The method can be applied worldwide because is simple
and inexpensive. The circular economy concept is also discussed in
this presentation. This research explore these questions and shows
progress using diverse wastes in an inexpensive processing using
the direct ink writing technique. Some of the materials utilized
in this research are considered as hazardous, however, used in

*Denotes Presenter

combination with clays or cements can be converted in useful solu-
tions. The materials microstructure and their derived properties are
also presented.

4:10 PM

(ICACC-S15-006-2018) Digital Light Processing of Wollastonite-
Diopside Glass-ceramic Complex Structures

J. E. Schmidt*'; H. Elsayed'; E. Bernardo'; P. Colombo'

1. University of Padova, Industrial Engineering, Italy

Highly complex glass-ceramic structures were fabricated starting
from a photocurable polymer filled with glass particles (<45 um)
crystallizing into wollastonite and diopside upon heating. Via Digital
Light Processing (DLP), the mixture was exposed in a stereolithog-
raphy 3D printer, which polymerised the photosensitive polymer in
an appropriate time frame. The glass particles were trapped in the
cured polymer and highly porous structures were built up layer-by-
layer. The heat treatment in air, up to 1100 °C, caused the burn-out
of the polymer and the sintering of glass particles. The crystallization
impeded any viscous collapse, so that a complete shape mainte-
nance was observed after firing, with a homogeneous shrinkage.
The developed structures with porosity up to about 80 vol% exhib-
ited a very good compressive strength (> 10 MPa). The bioactivity
of wollastonite-diopside glass-ceramics combined with the design
freedom and high resolution of 3D stereolithography printing make
the structures suitable candidates for bone tissue engineering.

Stereolithography III
Room: Coquina Salon B
Session Chair: Anne Leriche, University of Valenciennes

4:30 PM

(ICACC-S15-007-2018) Additive Manufacturing of Reinforced
Polymer-Derived Ceramics

Z.C. Eckel’; P. P. Bui'; . M. Hundley'; T. Schaedler*'
1. HRL Laboratories, USA

We report advances in ceramic stereolithography using resins based
on preceramic monomers. UV curable siloxane formulations were
3D printed with conventional stereolithography printers resulting in
complex shaped polymer parts that were pyrolyzed to silicon oxycar-
bide with uniform shrinkage and virtually no porosity. Ceramic
particles and whiskers were added to the resins in volume fractions
of 10 - 50% and the effects on shrinkage and mechanical properties
were investigated. In contrast to conventional ceramic particle filled
resins and inks, the liquid resin does not leave the material on heat
treatment, but pyrolyzes to a ceramic matrix embedding the particles
or whiskers. Novel preceramic resin formulations were synthesized
to reduce the oxygen content in the resulting ceramic and increase
high temperature properties. Potential applications for this tech-
nology will be presented, including first results of a NASA program
on additively manufactured ceramic rocket engine components.

4:50 PM

(ICACC-S15-008-2018) Stereolithographic Additive
Manufacturing of Ceramic Chambers to Suppress Noise
Generations from High Speed Gas Flames

S. Kisanuki*% S. Kirihara'

1. Joining and Welding Research Institute, Japan
2. Osaka University, Graduate School of Engineering, Japan

By using stereolithographic additive manufacturing, phononic
crystal structures with periodic arrangements of air cavities were
fabricated to modulate acoustic wave propagations in an audible
range. Acoustic chambers with inner ribs were formed along the
even interval to diffract the audible wavelength comparable to the
structural periodicity. In the stereolithography process, photosen-
sitive resin including with alumina particles were spread on glass
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substrate by using mechanical knife edge. Subsequently, an ultravi-
olet laser beam of 355 nm in wavelength was focused into 100 um
in diameter and scanned to draw a cross sectional solid pattern.
The formed composite precursor was obtained successfully through
continuous laminations. Alumina components were obtained
through dewaxing and sintering in the air atmosphere. By using
computer aided design, manufacture and evaluation, ceramic sound-
proofs were processed to suppress the generation of noise form
thermal spraying guns. The periodic arrangements of acoustic cavi-
ties were geometrically modulated according to simulated acoustic
spectra by computational fluid dynamics.

5:10 PM

(ICACC-S15-009-2018) Additive Manufacturing of Ceramics
from Preceramic Polymers: From Nanometer to Centimeter

J. E. Schmidt*'; L. Brigo'; G. Brusatin'; P. Colombo'
1. University of Padova, Industrial Engineering, Italy

A novel approach to fabricate SiOC ceramic structures across
different length scales by additive manufacturing using stereoli-
thography has been developed by utilizing a simple physical blend
between different commercially available preceramic polysiloxanes.
Two silicone resins (Silres 601 and H44), both possessing a high
ceramic yield, lead to a homogenous stable solution upon mixing
with photosensitive RC 711. Different blend ratios have been real-
ized and respectively optimized concerning printing parameters and
additives. Exact replications of highly complex structures were fabri-
cated by Digital Light Processing (DLP) for macrofabrication and
2-Photon-Polymerization (TPP) for microfabrication in an appro-
priate amount of time. After pyrolysis, a uniform, homogenous
shrinkage was observed yielding dense, pore- and crack-free SiOC
ceramics. We present the DLP and TPP fabrication of SiOC ceramic
macro- (cm scale) and micro-fabricated parts (sub wm scale) starting
from commercially available preceramic polysiloxanes. By adjusting
the ratio between the different polysiloxanes, parameters such as the
ceramic yield, shrinkage, chemical composition and resolution after
pyrolysis could be tailored in a wide range of values for macro- and
micro- scale ceramics.

S17: Advanced Ceramic Materials and
Processing for Photonics and Energy

Synthesis

Room: Halifax A/B

Session Chairs: Christine Luscombe, University of Washington;
Clara Santato, Ecole Polytechnque de Montreal

1:30 PM

(ICACC-S17-001-2018) Convergence in the Energy Sector
(Invited)

L. D. Madsen*'

1. National Science Foundation, Materials Research, USA

The U.S. National Science Foundation (NSF) is well known for its
support of basic research. However, efforts are also made by NSF
to engage a broad spectrum of the workforce and to address global
challenges. To this end, convergence - a new thrust — defined as “the
deep integration of knowledge, techniques, and expertise to form
new and expanded frameworks for addressing scientific and societal
challenges and opportunities”. Experts from different disciplines, in
the pursuit of common research challenges, intermingle or integrate
their knowledge, theories, methods, data, research communities and
languages. New frameworks, paradigms or disciplines can result
from these sustained interactions across multiple communities.
Efforts are driven by specific and compelling challenges arising from
deep scientific questions or pressing societal needs. Additionally,
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federal funding is often needed to effectively transition funda-
mental academic research into the commercial sector. Many funding
modalities support this goal. Examples from the energy sector will be
used to illustrate both convergence and translation of research into
commercial products.

2:00 PM

(ICACC-S17-002-2018) Solution based synthesis of complex
shape and composition nano-structures for energy applications
(Invited)

G. Westin*'
1. Uppsala University, Sweden

For solar-cells, fuel cells and photo-catalysts for fuel generation the
devices are becoming ever more complex and built from several
nano-sized components where ultra-thin coatings for control of
corrosion, tunneling or band-bending has become an important
component. At the same time, to make any societal impact the
devices have to be low cost which requires efficient processes capable
of making high quality, multi-phase complex materials in one or few
steps, which calls for increased understanding of materials synthesis
processes. Here we describe solution based synthesis routes using
metal alkoxides and organically coordinated metal salts to achieve
complex oxides and nano-composites with a structures useful for
energy conversion and storage. Oxides of varying complexities
including doped and non-doped Fe,O;, TiO,, Ln,0; and ZnO in the
forms of nano-particles, nano-sponges and thin- and ultra-thin films
will be described, as well as metals and alloys as nano-particles, thin
films and nano-sponges. The influence of the precursor, reaction
kinetics and thermal treatment will be discussed in relation to the
structures and properties obtained, as well as the possible synthesis
of oxides with extended, metastable doping-levels. The syntheses
and products were studied with a wide array of analytical tech-
niques including; SEM, TEM, XRD, TGA, DSC/DTA, IR and Raman
spectroscopy.

2:30 PM

(ICACC-S17-003-2018) Modulating the Surface Chemical
Composition of Titania Nanocrystals by Solvothermal Synthesis
and Surface Related Applications (Invited)

M. Epifani*'
1. CNR-IMM, Italy

Among the various photocatalysts, titania (TiO2) is a widely
accepted benchmark material, due to its high photoreactivity,
abundance, stability and low cost. On the other hand, the need of
increasing the range of optical absorption of pure TiO2 has readily
emerged, and has triggered a variety of methods for modifying its
composition and optical properties. The modification of the optical
properties is only a facet of a more general restructuring of the elec-
tronic properties, when the band structure of titania is modified by
addition of additional levels due to any additive, in a general sense.
In fact, in this work the synthesis and chemical modification of
titania will be discussed as triggered by gas-sensors field. The first
topic therefore will be the chemical synthesis of titania nanocrys-
tals by solvothermal method. Then the chemical modification of the
resulting nanocrystals will be illustrated, highlighting the chemical
principles involved in the synthesis. As first examples of the prop-
erties of the resulting materials, the gas-sensing properties of W, V
and Mo modified titania nanocrystals will be reviewed. Finally, the
solar cell application of Mo modified anatase nanocrystals will be
discussed, as an example of more general electronic modification
induced by chemical modification of titania.
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3:20 PM

(ICACC-S17-004-2018) Synthesis and Multifunctions of Titania
Nanotubes-based Low-dimensional Anisotropic Nanocomposites
(Invited)

T. Sekino*'; S. Eom'; Y. Yamasaki'; H. Nishida'; S. Chou'; T. Goto'

1. Osaka University, The Institute of Scientific and Industrial Research,
Japan

This study focuses on the development of titania nanotubes (TNTs)
based low-dimensional nanocomposites combined with nanostruc-
tured 1-dimensional (1D) or 2-dimensional (2D) carbons. Series of
low-D Carbon/TNT nanocomposites have been synthesized through
the solution chemical process with various carbon ratio. When
Carbon nanotube (CNT) was chosen, unique core-shell 1D/1D
CNT/TNT nanocomposite could be successfully obtained, where
CNT core was surrounded by rolled shell form of TNT. In contrast,
1D/2D nanocomposites could be fabricated by combining graphene
oxide (GO) which was 2D nanocarbon. It exhibited sheet structure,
where TNT decorated on the graphene substrate. These low-dimen-
sional carbon/TNT nanocomposites exhibited new absorption bands
in UV-visible spectra. Electrical resistivity was decreased with the
addition of nanocarbon, however, it was slightly higher than that of
simply-mixed TNT and carbon powders. These facts was considered
due to their unique composite structures, such as anisotropic core-
shell structure. In addition, these nanocomposites exhibited better
gas sensing properties, implying the carrier transport performance
of titania which intrinsic mobility is sufficiently low might be greatly
enhanced. Detailed anisotropic nanocomposite structures and
various properties will be discussed.

3:50 PM

(ICACC-S17-005-2018) Controlling defects - and properties - in
3-D assemblies of oxide nanosheets (Invited)

S. T. Misture*'; P. Metz'; P. Gao'
1. Alfred University, MSE, USA

X-ray total scattering was teamed with X-ray spectroscopy and
related tools to probe both the mesostructure and the atomic defects
of titanate, niobate and MnO, nanosheet assemblies, revealing a
direct link between surface defects and optical, photochemical and
electrochemical function. Of particular interest is the ability to triple
the electrochemical specific capacitance of MnO2 nanostructures by
introducing surface Frenkel defects. Beginning with high-perfection
microcrystalline K. MnO, powders, it is possible to exfoliate defect-
free MnO, nanosheets and subsequently reassemble them into 3-D
porous structures. Controlled reduction of some of the tetravalent
Mn leads to tripling of the electrochemical charge storage capacity.
While the effects of defects are well-understood for bulk solids,
we explore the case where the solid is 2-D and hence “all” surface.
The talk will highlight the use of high energy X-ray scattering and
X-ray spectroscopy, among other tools, needed to quantify the
defects and to link the defect content to the measured properties.

4:20 PM

(ICACC-S17-006-2018) Low-Symmetry Colloidal Nanocrystals
(Invited)

P. Cozzoli*!

1. University of Salento, Department of Mathematics and Physics “E. De
Giorgi”, Italy

Colloidal inorganic nanocrystals (NCs), free-standing crystalline
nanostructures grown in solution phase, stand out in the realm of
nanomaterials owing to the precision with which their properties
can be controlled through tailoring their structural and geometric
features in the synthesis stage, and to the flexibility with which
they can be processed and exploited in disparate fields. A smart,
yet challenging paradigm to engineer, diversify and enrich the
physical-chemical preorogatives and technological potential of
single-material NCs relies on designing and creating unconventional

*Denotes Presenter

architectures, in which diverse geometric and topological motifs
are integrated across multiple structure and dimensionality levels
within reduced-symmetry frameworks. However, due to currently
restricted synthetic capabilities and mechanistic knowledge,
low-symmetry nanostructures are still under-represented in the
colloidal domain, remaining limited to NCs with broken circular or
spherical symmetry, and, more rarely, with chiral habits. In this talk,
I will report on recent progress made by us in the controlled growth
and characterization of single-crystalline NCs of oxide, magnetic and
plasmonic semiconductor materials, which can be tailored in mono-
disperse low-symmetric shapes integrating 1D- 2D dimensionality
with 2D-3D connectivity and/or anisotropic curvature. The techno-
logical potential offered by such brand-new NCs will be highlighted.

4:50 PM

(ICACC-S17-007-2018) Synthesis of surface modified high
aspect ratio akaganeite nanorods with exchange bias at room
temperature

H. Khalid*’; S. Heo'; W. Yang'; B. Kim'; T. Kim'; S. Seo'
1. Korea Institute of Industrial Technology, Republic of Korea

Akaganeite (B -FeO(OH)) finds its technological importance as
catalytic materials, sorbents, gas sensors, ion exchanger and biomed-
ical applications. Akaganeite with its antiferromagnetic behavior
is known to show exchange bias at low temperature. In this study
surface morphology of the akaganeite nanorods were tailored in
order to achieve exchange bias effect close to room temperature i.e
250K. Akaganeite nanorods were synthesized via forced hydrolysis,
HCI was added in the aqueous solution of FeCl, and heated at 98°C
for 24 hrs. Different amount of NH,OH was added in the solution
which acts as a surface modifying agent. Exchange bias effect of
different sample with varying amount of NH,OH was analyzed by
VSM and parameter were optimized in order to achieve exchange
bias near to room temperature. This increase in exchange bias was
correlated with surface roughness and these argument were well
supported using TEM, AFM and SEM. Akaganeite nanorods with
near room temperature exchange bias properties may find its appli-
cation in read/write head of HDD, MRAM and magnetic sensors.

Honorary Sympoisum: Advancing Frontiers
of Ceramics for Sustainable Society
Development - International Symposium in
Honor of Dr. Mrityunjay Singh

Advancing Frontiers of Ceramics I -Biotechnologies,

etc.

Room: Coquina Salon E

Session Chairs: Sanjay Mathur, University of Cologne; Jerzy Lis,
AGH University of Science and Technology

1:30 PM

(ICACC-HON-001-2018) Regenerative Engineering of Bone:
Next Generation Inductive Graphene-Ceramics (Invited)

L. Daneshmandi'; S. Gohil’; L. Nair’; A. Arnold’ B. Holt’ S. Sydlik

C. Laurencin*'

1. University of Connecticut, Biomedical Engineering, USA

2. Carnegie Mellon University, Chemistry, USA

3. University of Connecticut Health Center, Orthopedic Surgery, USA

Each year, approximately 2.2 million bone graft procedures are
performed worldwide. Current clinical treatments have only
shown success for smaller sized bone defects and have significant
limitations. Recently Sydlik and her colleagues have developed
phosphate functionalized graphene oxide (GO) materials that
mimic the chemical and mechanical properties of native osseous
tissue. These phosphate graphenes (PG) can covalently incorporate
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induceron-like ions such as Ca*", K, Li*, Mgz*, or Na* to be released
over time and act as signaling molecules for bone regeneration. In
this study, we assess the in vivo osteoinductive capabilities of phos-
phate functionalized graphene with Ca’* as the counter ion (CaPG)
following subcutaneous implantation into GFP reporter mice. After
8 weeks and when injected with donor bone marrow stromal cells,
CaPG induced ectopic bone formation. Moreover, the histology
produced by the combination of GO and Ca®* through CaPG was
similar to that of GO delivery with bone morphogenetic proteins.
These are the first studies to demonstrate the combination of
graphene modified to release Ca** and PO,” ions as a new osteoin-
ductive matrix for bone regeneration. The use of simple signaling
molecules in combination with GO presents exciting possibilities for
tissue regeneration.

2:00 PM

(ICACC-HON-002-2018) Green Biomaterials: Pioneering
Environmentally-Safe Nanophase Materials for Tissue
Engineering Applications (Invited)

T. Webster*'

1. Northeastern University, USA

With materials such as titanium, stainless steel, nitinol, CoCrMo
and others, biomaterials may be one of the last fields to fully
embrace sustainability or the use of environmentally-safe materials.
Moreover, while nanotechnology, or the use of materials with at
least one dimension less than 100 nm, has revolutionized the field
of medicine, numerous nanomaterials still employ toxic catalysts or
simply are not fabricated using sustainable processes. Bioceramics
are an excellent example of the above. Bioceramics have been
competently engineered into nanophase particles or scaffolds for the
selective transport of remedial agents or the stimulation of cellular
adhesion and proliferation. Fundamental design preconditions have
postulated the fabrication of pure particulate carriers which possess
large surface area-to-volume ratios and that are easily transferable
within volumetrically confined regions, or, alternatively, of mechan-
ically robust nanoscaffolds or fibers with surface topographies that
promote the rapid induction of bone. Recent research has also found
that nanophase ceramics can decrease implant infection without
contributing to antibiotic-resistant bacteria. This presentation will
cover recent advances in a new field, termed green biomaterials,
to highlight efforts for the design and fabrication of nanophase
ceramics for a more sustainable environment.

2:30 PM

(ICACC-HON-003-2018) Elements of Medical Product
Translation: Importance of Ceramic Components (Invited)

A.]. Coury*!
1. Northeastern University, Chemical Engineering, USA

Mineral-based components (ceramics and glasses) comprise essen-
tial elements of important implantable medical devices. Electronic
cardiovascular and neurological devices and mechanical orthopedic
devices constitute significant segments of the implantable device
sector. These and all implantable medical devices must conform
to certain specifications to achieve regulatory approval. Beyond
approval, commercial success mandates the achievement of dozens
of “imperatives,” which should be considered before beginning a
serious product development process. Operationally, a series of
translational stages leading to device approval, marketing and post-
market surveillance is required and has been validated over two
decades. Examples of successful and unsuccessful FDA-approved
medical devices (cardiac pacemakers and surgical sealants) illus-
trate the importance of meeting all of the criteria required for
product success.
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3:20 PM

(ICACC-HON-004-2018) Life-saving applications of
strengthened glass (Invited)

A. K. Varshneya*'
1. Saxon Glass Technologies, Inc., USA

Several layers of polymer laminated chemically strengthened glass
enable cockpit windshields in commercial aircrafts to safely resist
impact of flying birds. Likewise, bullet-resistant glass is often a
laminate of thermally or chemically strengthened glass. Over the
past decade or so, the introduction of chemical strengthening to a
Type I glass cartridge in an autoinjector device, such as an EpiPen,
is able to provide safe delivery of emergency antidote epinephrine
in true life-threatening anaphylactic shock from extreme allergies to
bee-stings, peanuts and shell foods. Newer pharmaceutical applica-
tions of strengthened glass which benefit humans at large are on the
horizon. Requirements and performance characteristics of glass in
several of these examples are briefly presented.

3:50 PM

(ICACC-HON-005-2018) Oxynitride Glasses for Potential
Biomedical Usage (Invited)

S. Hampshire*'
1. University of Limerick, Materials and Surface Science Institute, Ireland

The low strength of bioglasses have restricted their use to non-load
bearing applications and therefore improvements in mechanical
properties are needed. One solution to this challenge is to incorpo-
rate nitrogen into the glass silicate network. This paper outlines the
effect of nitrogen on properties and structure of two series of glasses:
(1) a “bioglass” composition (without P,O;) in the Na,0-CaO-SiO,
system plus Si;N,, to give different levels of N and (2) glasses of series
(1) with a simple substitution of CaF, for CaO. In both cases, the
Na:Ca:Si ratio was kept constant so that changes in properties and
structure were simply a result of changes in O:N ratio. Properties
were all observed to increase linearly with nitrogen content. These
increases are consistent with N in the glass structure in 3-fold coor-
dination with silicon and extra cross-linking of the glass network.
The combination of both nitrogen and fluorine in series (2) glasses
gives better mechanical properties at much lower melting tempera-
tures since fluorine reduces Tm, allows higher solubility of nitrogen
and does not affect the higher mechanical properties arising from
incorporation of nitrogen. The local structure around silicon and
nitrogen was investigated by *Si MAS-NMR spectroscopy which
confirms formation of SiO,N, SiO,N, tetrahedra with extra bridging
anions. Bioactivity was assessed.

4:10 PM

(ICACC-HON-006-2018) Bioinspired materials templates by
nature species (Invited)

D. Zhang*'; J. Gu'; W. Zhang'; Q. Liu'; S. Zhu'; H. Su'
1. Shanghai Jiao Tong University, China

Biological materials naturally display an astonishing variety of
sophisticated nanostructures that are difficult to obtain even
with the most technologically advanced synthetic methodologies.
Inspired from nature materials with hierarchical structures, many
functional materials are developed based on the templating synthesis
method. This review will introduce the way to fabricate novel func-
tional materials based on nature bio-structures with a great diversity
of morphologies. We focused on replicating the morphological char-
acteristics and the functionality of a biological species (e.g. butterfly
wings). We change their original components into our desired mate-
rials with original morphologies faithfully kept. Properties of the
obtained materials are studied in details. Based on these results, we
discuss the possibility of using these materials in photonic control,
solar cells, energy harvesting, and gas sensitive devices, et al. In
addition, the fabrication method could be applied to other nature
substrate template and inorganic systems that could eventually lead
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to the production of optical, magnetic. or electric devices or compo-
nents as building blocks for nanoelectronic, magnetic, or photonic
integrated systems. These bioinspired functional materials with
improved performance characteristics are becoming increasing
important, which will have great values on the development on
structural function materials in the near future.

4:30 PM
(ICACC-HON-007-2018) Ceramics Research Endeavor at the

Korea Institute of Ceramic Engineering and Technology (KICET)
(Invited)

S. L. Kang*’; S. Lee'

1. Korea Institute of Ceramic Engineering and Technology (KICET),
Republic of Korea

KICET, a semi-governmental institution, dates back to 1912 as a
ceramic engineering division in the central testing laboratory of
the government. The function of testing and evaluation of ceramic
products has been maintained, but a research function was added
in 2000. Since then, ceramics research has been the major activity
of KICET in addition to industry support, testing and evaluation,
and support for the government policy of national research and
industry development. The current research activities are based on
five themes: Smart for Electronic Ceramics, Green for Energy/Eco
Ceramics, Wellness for Nano/Bio Convergence Ceramics, Safety
for Engineering Ceramics, and Sensibility for Ceramic Ware. This
presentation reports the research highlights and introduces future
research directions at KICET.

5:00 PM

(ICACC-HON-008-2018) Modern ceramic education as a
response to the needs of economy and industry - from the
experience of AGH UST (Invited)

J. Lis*'; M. M. Bucko'

1. AGH University of Science and Technology, Faculty of Materials Science
and Ceramics, Poland

AGH University of Science and Technology is currently the largest
research universities in Poland. A wide scope of research and
education conducted at AGH UST is a result of over 100 years of
history and it was connected with the development of the country’s
economy. One of the most developed directions are chemical tech-
nology and materials science in the field of ceramics conducted by
the Faculty of Materials Science and Ceramics. The presentation
characterizes of the FMSC AGH UST, the alone faculty in Poland
focused on ceramics. In the structure of the Faculty, the unit espe-
cially dedicated to research and education in the field of ceramics is
the Department of Ceramics and Refractories. Students graduating
from the Faculty have strong technological backgrounds associated
with the manufacturing of ceramics, glass, building materials and
refractories, but also with novel materials for specific applications.
FMSC is engaged in extensive international cooperation and has
ambitions to be a partner in the world’s leading ceramic centers.
Very effective and beneficial for the Polish ceramic environment
is collaboration with the American Ceramic Society, long-term
promoted and developed by Dr. Mrityunjay Singh, especially during
Dr. Singh function of the President of AmCerSoc. The examples of
this fruitful cooperation and plans for the future are presented and
discussed.

5:20 PM

(ICACC-HON-037-2018) Dynamic Inelastic Deformation
Mechanisms in Al,O,, AIN and AION (Invited)

J. W. McCauley*!
1. Johns Hopkins University/Army Research Laboratory, USA

To systematically develop new or improved materials for use in
protection systems a “Materials by Design” approach is being taken.
This is a process of designing materials from the atomic to the

*Denotes Presenter

macroscopic scale for a suite of mechanisms and properties that
are required for defined performance/applications. Inelastic defor-
mation mechanisms can dominate in extreme dynamic events.
The total mechanical response and energy dissipation is a result of
mechanisms controlled by the atomic structures of the phase/s, grain
sub-structure, microstructure, grain boundary/inter-phase char-
acteristics and defects at the various scales. Rather than toughness,
which is the energy to propagate a single crack, normally in quasi-
static conditions, while ignoring any plasticity at the crack tip, the
concept of high strain rate “quasi-plasticity” for structural ceramics
will be discussed. This can be described as inelastic (non-linear)
deformation (sub-macrocrack mechanisms in a volume of material)
prior to failure (macro-cracking), at both intragranular and micro-
structural scales. The talk will describe the apparent mechanisms
observed in Al,O,, AIN and AION materials resulting from high
strain-rate tests, including nano/micro-deformational twinning,
nano/micro-cleavage, dislocations, and grain boundary failure.

7th Global Young Investigator Forum

Frontiers in Ceramic Chemistry and Physics: New
Precursors for Functional Ceramics, Ceramics and

Catalysis, Functional Surfaces

Room: Coquina Salon G

Session Chair: Manoj Mahapatra, University of Alabama at
Birmingham

1:30 PM

(ICACC-GYIF-001-2018) Electrospun Metal Oxide Fiber
Meshes for Improved Sensing of Toxic Analytes in the Gas Phase
(Invited)

T. Fischer*'; D. Graf'; A. Lepcha'; Y. Goniillii'; S. Mathur'
1. University of Cologne, Institute of Inorganic Chemistry, Germany

Gas sensors need to combine a high Sensitivity and analyte
Selectivity with acceptable readout Speed and long term Stability
by not sacrificing the fabrication Scalability and System Integration
capability, when it comes to commercialization. Metal oxide semi-
conductors are applied as chemirosistive gas sensing materials,
but lack a specific target selectivity especially in humid environ-
ments as well as exhibit rather slow sensing kinetics when used as
pure unmodified material. Resistive metal oxide gas sensors with
nanowire based sensing materials offer high surface areas and
defined signaling pathways for improved device performance thus
fulfilling most of the aforementioned criteria, but most often lack the
potential of large scale integration, due to complex fabrication tech-
niques. In contrast, electrospun metal oxide fibers and fiber meshes
can be fabricated in comparable large amounts at ambient condi-
tions, thus providing ideal materials for either the active sensing
layer or necessary preconcentrators and filters, respectively. A
direct integration onto multifunctional gas sensing platforms is also
possible in modified electropinning setups, thus providing intecon-
nected sensing meshes with high surface areas.

2:00 PM

(ICACC-GYIF-002-2018) Formation mechanism of critical

microstructures in ceramics by infrared spectroscopy

C. A.Lee*’; j. Ren'; K. Chen'; M. Li'; Y. Chen'

1. The Chinese University of Hong Kong, Energy and Catalysis Laboratory,
Department of Mechanical and Automation Engineering, China

2. Energy and Catalysis Laboratory, Department of Mechanical and
Automation Engineering/The Shun Hing Institute of Advanced
Engineering, The Chinese University of Hong Kong, China

Ceramics and catalysis are widely used in energy and environmental
applications. Their functionality, performance and reliablility are
closely related to their structure and defects, which are generally
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controlled by processing parameters and heat treatments. Several
techniques have often been applied to investigate thermal behav-
iors and chemical reactions in ceramics, including thermal gravity
analysis, differential thermal analysis, dilatometer, etc. We are devel-
oping an analytical technique using in-situ infrared spectroscopy to
monitor gas evolution kinetics associated with ceramic processing
and applications. This information sheds a new light on the micro-
scopic structures of ceramics such as defects that are critical to their
performance.

2:20 PM

(ICACC-GYIF-003-2018) Magnetic textures in the ferromagnetic
insulating phase of La,,:Sr, ,,sMnO,

A. Kotani*'; H. Nakajima® K. Harada’; Y. Ishii’; S. Mori'

1. Osaka Prefecture University, Materials Science, Japan

2. Kyushu University, Applied Quantum Physics and Nuclear Engineering,
Japan

3. the Institute of Physical and Chemical Research, Center for Emergent
Matter Science, Japan

Intricate magnetic domain patterns, called magnetic textures, have
been expected to be useful for development of new spin devices.
In particular, magnetic vortices such as magnetic skyrmions are
formed in some helical magnets (MnSi, FeGe) without the inversion
symmetry, which has been revealed by neutron scattering experi-
ment and Lorentz microscopy (LM) observation. In present work,
we have investigated evolution of magnetic textures by applying
external magnetic fields in La, Sr MnO, with the centrosymmetric
crystal structure, using LM and small angle electron diffraction
(SmAED). It is revealed that in the ferromagnetic (FM) phase of
Lay 4,551 1,;MnO; magnetic stripes at zero magnetic field evolved to
magnetic bubbles by applying magnetic fields along the magnetic
easy axis. The magnetic bubbles were formed in the FM insulating
phase, due to the charge and orbital ordering, which originate from
magnetic dipole-dipole interactions and the high magnetocrystall-
line anisotropy. From our experiments, magnetic phase diagrams
of La 4,551, ,,;MnQO, as functions of magnetic field and temperature
were constructed.

Applications: Ceramic Sensors and Actuators, Energy
Generation, Saving and Storage, Photo-catalysis and
Biomedical Applications

Room: Coquina Salon G
Session Chairs: Giorgia Franchin, University of Padova;
Daniele Benetti, Institut National de la Recherche Scientifique

3:20 PM

(ICACC-GYIF-004-2018) Graphite - The Critical Carbon (Invited)
R. M. Paul*!

1. GrafTech International Holdings Inc., Technology, USA

Graphite is one of the allotropes of carbon. However, the term
‘graphite material’ is also used to refer to a class of engineered mate-
rials that have been in use going back hundreds of years. Today,
graphite materials represent a $14 billion global industry, with over
3 million tons produced every year, growing at a rate of about 4%.
As engineered materials, natural and synthetic graphite materials
are made in various forms and are used as critical components in
a variety of products, including carbon fiber composites, nuclear
moderators, lithium-ion battery anode powders, graphite elec-
trodes, and flexible graphite heat spreaders. This talk will highlight
the fundamentals of natural and synthetic graphite, including the
processing, structure, and properties that enable graphite mate-
rials to play a critical role in today’s products and applications.
Natural graphite is even considered a critical material, as its mining
is concentrated to a few key countries outside the United States.
The limitations of graphite will also be highlighted, for example, the
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oxidation-induced degradation of nuclear-grade graphite used as a
neutron moderator. This talk will summarize the current state-of-
the-art of natural and synthetic graphite and offer comments on the
future of a material that is one of the most critical forms of carbon.

3:50 PM

(ICACC-GYIF-005-2018) Additive manufacturing of TiC porous
targets for nuclear physics applications in radiopharmacy

G. Franchin*'; A. Zanini’; A. Girotto'; S. Corradetti’; A. Andrighetto’
P. Colombo'

1. University of Padova, Industrial Engineering, Italy
2. Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali di Legnaro,
Italy

The SPES (Selective Production of Exotic Species) project is devoted
to basic and applied research in nuclear physics and astrophysics
involving among all the generation of neutrons for material studies
and of radionuclides of medical interest. It provides the construc-
tion of a ISOL (Isotope Separation On-Line) facility for producing
neutron-rich ions by collision of protons onto a target. In the case
of the ISOLPHARM project, such radioisotopes will be studied
for the production of radiopharmaceutical for diagnostics and/or
treatment. The target is designed for producing specific radioiso-
topes: here, we use TiC as target material for the production of Sc
radioisotopes. Previous studies show that residual porosity derived
from incomplete sintering increases the release efficiency of the
targets; structures with interconnected pores are desired to mini-
mize impacts between target and isotopes and to allow for effusion.
We fabricated TiC lattice targets via DIW (Direct Ink Writing) of
an aqueous suspension with optimized rheology and we selected
a sintering treatment able to consolidate the structures without
promoting grain growth. We designed and produced geome-
tries with similar total porosity but different stacking of layers and
measured their permeability and emissivity. The results will lead
to the selection of an target geometry which maximizes the system
performances.

4:10 PM

(ICACC-GYIF-006-2018) Reaction-bonded silicon carbide for
nuclear fusion

A.]. Leide*’; R. 1. Todd'; S. G. Roberts'; K. Yoshida’ T. Yano’ M. Gorley’s
D. E. Armstrong'

1. University of Oxford, Department of Materials, United Kingdom

2. Tokyo Institute of Technology, Laboratory for Advanced Nuclear Energy,
Institute of Innovative Research, Japan

3. Culham Centre for Fusion Energy, United Kingdom

Silicon carbide has potential applications in the blanket of fusion
reactors, where its chemical inertness, low neutron cross-section,
and radiation tolerance are especially useful. However, manufac-
turing large, complicated blanket components for a fusion reactor
using “nuclear grade” SiC composites is currently very challenging.
Large components can be made reliably to near net shape at an
economical price using reaction-bonded silicon carbide (RB-SiC). In
unirradiated form, the properties are suitable for fusion applications,
however, early irradiation work on commercial grades of RB-SiC
suggested that radiation-induced swelling in SiC and residual silicon
caused internal stresses leading to failure. In an attempt to solve this,
SiC-CrSi, and SiC-WSi,-Si composites with fine grain structures
have been made by the reaction-bonding process, and have been
investigated using micromechanical techniques, SEM, and Raman
microscopy. Ion implantation is used to investigate the changes to
these materials under irradiation. This presentation will begin with a
description of nuclear fusion, radiation damage and the unique chal-
lenges of this environment, followed by processing of these novel
ceramics, and their properties pre-and post-irradiation. The talk will
end with ideas for future work and potential collaborations, along
with comments on working in an interdisciplinary field of materials
scientists, physicists, and engineers.

*Denotes Presenter
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4:30 PM

(ICACC-GYIF-007-2018) Evaluation of power generation from
biomass using Solid Oxide Fuel Cell (SOFC) and downdraft
gasifier

S. Yamaguchi*'; K. Katagiri'; T. Ozaki'; T. Ehiro'; A. Kakitsuji'

1. Osaka Research Institute of Industrial Science and Technology Izumi
Center, Research Division of Applied Material Chemistry, Japan

Performances of power generation system from biomass composed
of downdraft gasifier and SOFC were evaluated. For experimental
analysis of downdraft gasifiers, a small sized gasifier (0.1 kW, with
composite catalysts, using external heater) and big sized gasifier (20
kW, without catalysts, self-combusting) were examined. The gasified
gases from each downdraft gasifier were analyzed by numerical
simulation model based on thermodynamics. By analyzing the
temperature distribution in the big sized gasifier, the compositions
of gasified gases by experiments were in good agreement with those
predicted by the numerical simulation. The cold gas efficiencies
converting biomass to gasified gas by the big sized gasifier operating
at steady state were also evaluated. To analyze the characteristics of
gasification and power generation, gasification with different condi-
tions of air, steam flow rate by small sized gasifier using composite
catalysts were experimented and analyzed by the numerical simula-
tion. By stabilizing the flow rate of gasified gases from the small sized
gasifier to SOFC, the current-voltage (I-V) characteristics of SOFC
fed by each gasified gas were examined stably. By analyzing the I-V
characteristics by the gasification and power generation using down-
draft gasifier and SOFC, total thermal efficiency from biomass to
electricity were evaluated.

4:50 PM

(ICACC-GYIF-008-2018) Performance enhancement of medium-
temperature anhydrous fuel cells by incorporation of proton
conductive material to the three-phase interface

K. Maegawa*'; K. Ya'; G. Kawamura'; T. Hattori'; H. Muto’ A. Matsuda'

1. Toyohashi University of Technology, Electrical and Electronic
Information Engineering, Japan

2. Toyohashi University of Technology, Institute of Liberal Arts and
Sciences, Japan

Development of medium-temperature anhydrous fuel cell, which
is one type of Polymer Electrolyte Fuel Cell (PEFC) is becoming
popular recently. By utilizing ionic conduction in this system,
the usage of expensive platinum could be reduced in order mini-
mize operational cost. To obtain good fuel cell performance,
proton conductive material which is called CHS-WSiA (CsHSO,-
H,SiW,,0,) that exhibit high proton conductivity at the temperature
of 150°C in anhydrous condition was fabricated. Excellent power
density enhancement was achieved when CHS-WSiA was added into
the electrolyte. In this work, three-phase interface which consists
of the electrode, catalyst, and electrolyte is being investigated.
The structure of the interface influences the transport mechanism of
electron and ion especially. In order to enhance the interfacial ion
conductivity as well as suppressing the overvoltage phenomenon
CHS-WSIA fabricated by mechanical milling was applied at the
cathode side of catalyst. As a result, the interface resistance and over-
voltage between the catalyst and the electrolyte were reduced and
the maximum power density was enhanced. The results obtained
clearly that characteristics improvement of the interface in the medi-
um-temperature anhydrous fuel cell can be achieved by applying
mechanically milled CHS-WSiA to the catalyst layer.

*Denotes Presenter

5:10 PM

(ICACC-GYIF-009-2018) Carbon Dots and their application in

energy harvesting devices

D. Benetti*'; Y. Zhou'; H. Zhao'; A. Vomiero? F. Rosei'

1. Institut National de la Recherche Scientifique, Materials, Energy and
Telecommunication, Canada

2. Lulea University of Technology, Engineering Sciences & Mathematics,
Sweden

Carbon dots (C-dots) are composed of non-toxic elements (mainly
C, N and O) and can be synthesized in large quantities via a simple
solvothermal approach. Compared to traditional semiconducting
quantum dots, such as CdSe or PbS, they are more environmental
friendly, and easier and cheaper to produce. By mean of doping
procedures, it is possible to tune their optical and electrical prop-
erties. Exploiting this ability, we produced different kind of Cdots,
tuning their emission from 365nm up to 630nm. The as prepared
Cdots were then load on wide bandgap semiconductor mate-
rials (MOS), such as TiO2, and characterized by Time-Resolved
Photoluminescence Spectroscopy in order to verify the ability fo
Cdots to inject electron in the conduction band of the MOS. Thanks
to their properties, the Cdots were then employed for realizing
different energy harvesting devices.

Tuesday, January 23, 2018

S1: Mechanical Behavior and Performance of
Ceramics & Composites

Strength and Fracture Toughness of Monolithics
Room: Coquina Salon D

Session Chairs: Jonathan Salem, NASA Glenn Research Center;
Raul Bermejo, Montanuniversitaet Leoben

8:30 AM

(ICACC-S1-011-2018) Fracture Toughness of Modern and
Ancient Glasses and Glass Ceramics as Measured by the SEPB
Method

G. D. Quinn*'; J. Swab’; R. Brill%; S. Koob?
1. National Institute of Standards and Technology, Materials Measurement
Sciences Division, USA

2. Corning Museum of Glass, USA
3. U.S. Army Research Laboratory, USA

The fracture toughness of two modern glasses and two transparent
glass ceramics was measured by the single-edged precracked beam
(SEPB) method. This work is the continuation of our studies to
characterize the mechanical properties of transparent armor grade
materials. This year we tested two new commercial, low-iron soda
lime silicas (St. Gobain Diamant and Guardian UltraWhite) and two
commercial transparent glass ceramics (Schott Zerodur and Robax)
with nanometer scale crystallites. Results are compared to our earlier
data on six other glasses. A soda lime silica made in antiquity (circa
381 C.E.) was also evaluated. This glass was recovered in 1965 from
an archeological excavation of a Roman empire era glass factory
located near Mt. Carmel in modern day Jalame, Israel. This location
is very near the site described by Pliny the Elder in Volume36 of his
first century book series Natural History. This glass was exposed to
the earth and elements for over 16 centuries.
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8:50 AM

(ICACC-S1-012-2018) Observations in Fracture Toughness
Testing of Glasses and Optical Ceramics

]. Salem*!

1. NASA Glenn Research Center, Materials and Structures, USA

Fracture toughness is a critical structural design parameter and an
excellent metric to rank materials. It determines fracture strength
by way of the flaws, both inherent and induced, and defines the
endpoint of the slow crack growth curve. The fracture toughness of
structural and optical ceramics, and glasses as measured by several
techniques is compared. When good metrology is employed, the
results are very comparable with two exceptions: materials exhib-
iting crack growth resistance and those with a low SCG exponents.
For materials with R-curves, the result is a function of extension
and can be minimized with short cracks. For materials with low
SCG exponents, such as glasses, elimination of the corrosive media
and/or increasing the stress intensity rate minimizes effects.
A summary of values is given, and it appears that highly modified
glasses exhibit lower fracture toughness and slow crack growth
exponent than high purity glasses such as fused silica.

9:10 AM

(ICACC-S1-013-2018) Toward seashells under stress: Novel
concepts to design tough layered ceramic composites

R. Bermejo*'; Y. Chang’; G. L. Messing’
1. Montanuniversitaet Leoben, Institut fuer Struktur- und

Funktionskeramik, Austria
2. Pennsylvania State University, Materials Science and Engineering, USA

The design of “bio-inspired” layered ceramic composites with weak
or strong interfaces can yield significant increase in the failure resis-
tance of the material and, in some cases, hinder, or even arrest, the
propagation of cracks. In this work, novel concepts are presented
which combine different approaches used in layered architectural
design to obtain highly reliable ceramic materials with enhanced
fracture resistance. The use of tailored residual stresses in embedded
layers within the structure is demonstrated to act as an effective
barrier to the propagation of surface flaws, providing the material
with a minimum design strength, below which no failure occurs.
Moreover, texturing of the microstructure in embedded layers is
utilized to provide preferential paths for conducting propagating
cracks, thus protecting the underlying structure. A combination of
experiments and modelling is presented, showing the potential of
layered architectures in the design of future ceramic components
with spatially resolved strength and toughness.

9:30 AM

(ICACC-S1-014-2018) Effect of Control Mode and Load Rate on
Fracture Toughness

]. Salem'; B. Hausmann**

1. NASA Glenn Research Center, Materials and Structures, USA
2. Case Western Reserve University, Materials Science, USA

The effects of control mode and rate on the fracture toughness of
ceramics were measured by using chevron-notched flexure specimen
in accordance with ASTM C1421. The use of stroke control gave
the most consistent results with less than 2% variation in measured
fracture toughness for a very wide range of rates (0.005 to 0.5 mm/
min). Use of strain or CMOD control gave ~5% variation over a very
wide range of rates, with the measurements being a function of rate.
However, the effect was eliminated by use of dry nitrogen, implying
a stress corrosion effect rather than a stability effect. With the use
of nitrogen, both control modes were within 1% over a wide range
of rates (40 to 60 ue/s and 0.005 to 0.2 mm/min). COMD or strain
control did allow stable crack extension well past maximum load,
and thus is better for energy calculations.
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10:10 AM

(ICACC-S1-015-2018) Crack-Path Dependent Fracture
Toughness in Additively Manufactured Ceramic Composites with
Anisotropic Heterogeneities

N. R. Brodnik*'; C. Hsueh’; S. Biesboer?; T. Schaedler’; Z. C. Eckel’
G. Ravichandran’; K. Bhattacharya®; K. Faber'

1. California Institute of Technology, Materials Science, USA
2. HRLLLC, USA
3. California Institute of Technology, Mechanical Engineering, USA

Ceramics have long been of interest as engineering materials because
of their high stiffness and good thermal and chemical stability.
However, their efficacy across different applications has historically
been limited by their low fracture toughness. To better under-
stand the fracture of brittle ceramics, we have developed additively
manufactured composites that use precisely positioned aniso-
tropic heterogeneities to increase fracture toughness and induce
a dependence on the direction of crack growth. These composites
are produced using stereolithography, which allows for precise
control of both the shape and position of inclusions. Specimens are
designed as thin structures whose heterogeneities are uniformly
spaced parallel channels with asymmetrical cross-sectional areas.
Thin composites allow for study of systems in a two-dimensional
stress state, and directional alignment of channels produces fracture
toughness values that vary based on orientation with respect to the
direction of crack propagation. Methods for evaluation of fracture
toughness have been established using simulation as well as exper-
iment on both model brittle photopolymer and silicon oxycarbide
produced from printable preceramic polymers. Based on these eval-
uations, increases in toughness of up to 50% can be achieved for a
given composite compared to its homogeneous matrix material.

10:30 AM

(ICACC-S1-016-2018) Overcoming challenges and obstacles in
measurement of fracture toughness of plasma sprayed ceramics

G. Smith*'; S. Sampath'
1. Stony Brook University, Center for Thermal Spray Research, USA

Spray formed structures, due to their layered build up, comprise
of multiscale defects (pores/cracks) and anisotropy. These affect
various mechanical and thermal properties such as elastic modulus,
toughness, conductivity, etc. Since these defects govern much of the
thermo-mechanical response, it is of importance to accurately char-
acterize and consider orientation dependence. Most coatings are
considered in-plane orthotropic, with different through thickness
properties due to the lamellar buildup of the coating. Due to thick-
ness limitations and constraints associated with substrate bound
coatings, it is difficult to rigorously characterize the mechanical
behavior in multiple orientations. Past work with atypically thick,
free-standing coating specimens in near bulk form allowed direct
property measurement in multiple orientations, however this pres-
ents fabrication challenges. Alternatively, traditional thin coats can
be examined with a combination of less conventional mechanical
methods presented here to extrapolate fracture toughness, orien-
tation dependence, and anisotropy ratios. In many cases, these
measurement values can be corroborated with those from the bulk
thick sample. Results point to a 15-30% difference in properties as a
function of orientation.

*Denotes Presenter
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10:50 AM

(ICACC-S1-017-2018) Mechanical behavior of single domain
polycrystalline and single crystal ferroelastic ceramics

C.S. Smith*'; J. A. Krogstad'

1. University of Illinois at Urbana-Champaign, Materials Science and
Engineering, USA

Ferroelastic deformation allows for increased toughness in a
variety of electroceramic and structural ceramic materials through
the nucleation and motion of ferroelastic domains. Unlike other
toughening mechanisms, ferroelastic toughening occurs without
sacrificing the microstructural and phase homogeneity of the
ceramic. In this study, the mechanism of ferroelastic deformation
and its behavior in real ceramic microstructures has been examined.
Mechanical tests have been performed on ferroelastic ceramics over
a range of length scales. Due to the high mechanical anisotropy of
ferroelastic crystals, careful tracking of individual crystal orienta-
tions has been done using EBSD. Microindentation has been used to
induce ferroelastic deformation in bulk polycrystals, while deforma-
tions of single crystals have been studied using in situ transmission
electron microscopy. Using these methods, the coercive stress in
single crystal as well as polycrystalline ferroelastic ceramics has been
exceeded without nucleation of multiple domains. Furthermore, for
single domain polycrystals, a lack of permanent domain nucleation
is observed in absence of associated material cracking. These results
have implications for the designing of microstructures to utilize
ferroelastic toughening.

11:10 AM

(ICACC-S1-018-2018) Orientation dependent fracture behaviour

of LiTaO, and LiNbO, brittle single crystals and its atomistic

origin

M. Gruber'; M. Popov’; P. Supancic'; D. Kiener’; R. Bermejo*'

1. Montanuniversitaet Leoben, Institut fuer Struktur- und
Funktionskeramik, Austria

2. Montanuniversitaet Leobe, Material Physics, Austria

3. Materials Center Leoben, Austria

Single crystal piezoelectric materials such as LiTaO; and LiNbO,
have found important application as surface acoustic wave filter
substrates for high frequency data transfer. In order to optimize
the functionality of the filters, a particular orientation and surface
conditioning (e.g. grinding) of the crystal must be ensured. This can
affect the mechnical response of the functional material to external
thermo-mechanical loading. In this work, the strength and crack
growth resistance (fracture toughness) of LiTaO, and LiINbO, mate-
rials were investigated macroscopically using biaxial bending and
microscopically by miniaturized V-notched cantilevers in a SEM,
respectively. It was found that the orientation of the notch, either
parallel to the corresponding cleavage plane or with an angle, yields
to a significant difference in the toughness values. As a consequence,
the orientation of the grinding directions during flexural bending
with respect to the cleavage planes showed a high impact on the
strength for both materials.

11:30 AM

(ICACC-S1-019-2018) In Situ Fracture Tests of Ceramic Grain
Boundaries

F. Giuliani*'; G. Sernicola'

1. Imperial College London, United Kingdom

The fracture toughness of ceramics is often dominated by the
structure of their grain boundaries. Our capacity to improve the
performance of ceramic components depends on our ability to
investigate the properties of individual grain boundaries. This
requires development of new fracture testing methods providing
high accuracy and high spatial resolution. Recently, several tech-
niques have been developed using small scaled mechanical testing,
based within a nanoindenter, using a variety of sample geometries.

*Denotes Presenter

However, the majority of the published work relies on load-dis-
placement curves for the identification of crack initiation and can
result in a complex analysis. Our approach uses a double cantilever
geometry to obtain stable crack growth under a constant wedging
displacement. The tests are carried out within an SEM, this has two
benefits: the sample is well aligned for a controlled test and images
are recorded during the test for later analysis. Crucially this allows
us to use beam deflection and crack length rather than critical load
to measure fracture toughness. Our tests have proved it is possible
to initiate and stably grow a crack in a controlled manner in ceramic
materials for several microns. This approach has been validated
on SiC where it gives a good approximation of the surface energy
and then extended to SiC bi-crystals along with Ni-Al,O; interfaces
where crack blunting and bridging mechanism can be measured.

S2: Advanced Ceramic Coatings for
Structural, Environmental, and Functional

Applications

Environmental Barrier Coatings - Fundamentals
Room: St. John
Session Chair: Dongming Zhu, NASA Glenn Research

8:30 AM

(ICACC-S2-012-2018) Effect of Electrical Characteristics on
Oxygen Shielding Properties and Structural Stability of Bilayer
Oxide Films

S. Kitaoka*'; T. Matsudaira'; M. Tanaka'; T. Sato’; O. Sakurada’; Y. Kagawa’

1. Japan Fine Ceramics Center, Japan
2. Gifu University, Japan
3. Tokyo University of Technology, Japan

High-temperature mass-transfer mechanisms in oxide films were
investigated by evaluation of oxygen permeability through the films,
which served as models for anti-oxidation films. When an alumina
film was subjected to an oxygen potential gradient (du,), the elec-
tronic transference number for the film increased, resulting in the
development of a negative charge on the high oxygen partial pres-
sure (Py,(hi)) surface, and a positive charge on the opposing low
oxygen partial pressure (Po,(lo)) surface. The grain boundary (GB)
diffusion coefficient for oxygen ions under a du,, was significantly
smaller than that in the absence of a du,. Space charges which are
opposite to the charges of the Py,(hi) and P,(lo) surfaces are likely
to spontaneously develop beneath the surfaces, resulting in the
formation of electrical double layers. In contrast to this situation, a
mullite film exhibited ionic conductivity and its oxygen-GB diffu-
sion coefficient was independent of the presence or absence of a du,,.
The resulted in the polarity of its electrical double layers being oppo-
site to that for alumina. The use of a bilayer film consisting of oxides
with markedly different electrical characteristics, such as alumina
and mullite, significantly affected the oxygen shielding properties
and structural stability of the entire film.

8:50 AM

(ICACC-S2-013-2018) Effect of water vapor on mass transfer in
polycrystalline Yb,Si,0, under oxygen potential gradients at high
temperatures

M. Wada*'; T. Matsudaira'; N. Kawashima'; D. Yokoe'; T. Kato'; S. Kitaoka';
M. Takata'; M. Takeuchi’

1. Japan Fine Ceramics Center, Japan
2. University of Tokyo, Japan

We attempted to elucidate the mass transfer mechanism in a poly-
crystalline Yb,Si,0, film under wet conditions at high temperatures,
which served as a model for an environmental barrier coating layer,
based on oxygen permeation into the film. The oxygen permeation
under a large oxygen potential gradient (du,) and dry conditions
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is controlled by the interdiffusion of Yb and oxide ions along the
grain boundaries (GBs), which results in the formation of Yb,SiO;
at the high oxygen partial pressure (P,) surface and the decomposi-
tion of Yb,Si,0, at the low Py, surface. The presence of water vapor
with the application of a du, clearly accelerated the GB diffusivity
of Yb ions, resulting in the formation of a thick Yb,SiO; layer at the
high P, surface and the segregation of Yb,SiO; particles inside the
film. Nevertheless, the oxygen permeability was below the detection
limit. This is thought to be due to the consumption of ambient O,
molecules in the vicinity of the high P, surface, which are associated
with the formation of Yb,SiO; through the reaction of Yb,Si,0, with
water vapor and O,.

9:10 AM

(ICACC-S2-014-2018) Local Bonding as a Dominant Factor
Governing Thermal Expansion of High Temperature Ceramic
Materials

M. Yoshiya*'; Y. Akada'; Y. Sumi'
1. Osaka University, Department of Adaptive Machine Systems, Japan

Thermal expansion of crystal lattice is inevitable at elevated tempera-
ture and it is often out of the scope upon pursuing target properties
of thermal barrier coatings (TBC) or environmental barrier coatings
(EBC). Differences in coefficients of thermal expansion (CTEs) in
multi-layered TBC/EBC occasionally leads to spallation or fracture
upon thermal cycle. Thus, from the perspective of lifetime of TBC/
EBC, CTE needs to be controlled to minimize strain energy stored
upon the thermal cycle. While CTEs of materials having simple
crystal structures including pure metals are correlated to their
melting point, all the differences in CTEs of high temperature are
often attributed mainly to Griineisen parameter, impeding to control
CTEs for longer lifetime without deteriorating other target proper-
ties of TBC/EBC. In this study, we perform ab initio lattice dynamics
within quasi-harmonic approximation to systematically evaluate
CTEs. It is found that stable atomic positions at elevated tempera-
ture that modifies local interatomic bonding are different from those
at room temperature and thus taking those into account is crucial
for understanding the mechanism governing thermal expansion.

9:30 AM

(ICACC-S2-015-2018) Calorimetric Studies of Refractory Oxides
at High Temperature (Invited)

A. Navrotsky*’ S. Ushakov'; D. Kapush'

1. University of California, Davis, Peter A. Rock Thermolab and NEAT
ORU, USA

2. University of California, Davis, Peter A. Rock Thermochemistry
Laboratory, USA

Thermodynamic properties of solid and liquid refractory oxides,
relevant to thermal barrier coatings, nuclear energy, and general
phase diagram modeling, are poorly known, especially above 1500
oC. Using a variety of newly developed or optimized techniques, we
have developed direct measurements of heats of phase transition and
fusion of oxides. Commercial ultra-high temperature differential
thermal analyzers (DTA) allow investigation of phase transforma-
tions and melting in inert environment to the temperatures up to
2500 °C; Combination of laser heating and a splittable nozzle aero-
dynamic levitator allows splat quenching and drop calorimetry from
temperatures limited only by sample evaporation; iii) Synchrotron
X-ray and neutron diffraction on laser heated aerodynamically
levitated oxide samples allow in situ observation of phase transfor-
mations in variable atmosphere, refinement of high temperature
structures and thermal expansion. These methods provide tempera-
tures, enthalpies and volume change on phase transformations
above 2000 °C which are complementary experimental data for opti-
mization of CalPhaD databases. New data for rare earth oxides are
presented as examples.
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Environmental Barrier Coatings - Processing &

Properties 11
Room: St. John
Session Chair: Kang Lee

10:20 AM

(ICACC-S2-016-2018) Weibull-Based Stochastic Simulation of
Mud-Crack Damage Formation in an Environmental Barrier
Coating

N. Nemeth*'; S. Mital’; P. L. Murthy'; B. A. Bednarcyk’; E. J. Pineda';
D. Zhu'; H. Wadley?’ S. M. Arnold'

1. NASA Glenn Research Center, USA
2. University of Virginia, USA
3. University of Toledo, USA

The integrated Finite Element Analysis—-Micromechanics Analysis
Code/Ceramics Analysis and Reliability Evaluation of Structures
(FEAMAC/CARES) program was used to simulate the formation
of mudflat-cracks from thermomechanical loading on a multi-lay-
ered Environmental Barrier Coating (EBC) system deposited on
a ceramic substrate. FEAMAC/CARES combines MAC/GMC
multiscale composite micromechanics code with CARES/Life prob-
abilistic multiaxial failure criteria code and Abaqus finite element
analysis. In this work, step function elastic modulus reduction of
randomly damaged finite elements was used to represent discrete
cracking events. The use of many small-sized low-aspect-ratio finite
elements enabled the depiction of crack boundaries and formation
of mudflat patterned damage. Demonstrated examples include finite
element models of button-sized square- and disk-shaped 3-D spec-
imens, and a 2-D model of through-the-thickness cross-section.
All models were subjected to a progressive cool down from 1300° C
to room temperature. Mudflat crack damage in the coating system
resulted from the buildup of residual tensile stresses between the
individual material constituents from thermal expansion mismatch.
A 2-parameter Weibull distribution characterized the coating layer
stochastic strength response and the effect of the Weibull modulus
on the formation of damage was studied here.

10:40 AM

(ICACC-S2-017-2018) Yb silicate anti-oxidation fiber/matrix
interface coating for SiC/SiC for higher temperature durability

K. Goto'; A. Ito’; M. Sekiyama*; T. Matsuda®; S. Takahashi’; S. Kitaoka®;
T. Goto**

1. Japan Aerospace Exploration Agency, Institute of Space and
Astronautical Science, Japan

2. Yokohama National University, Japan

3. Japan Fine Ceramics Center, Japan

4. Tohoku University, Japan

Yb silicate (YbSiO5 and/or Yb2Si207) was examined as Interface
coating for SiC fiber reinforced SiC composite to have supe-
rior anti-oxidation and water vapor. Two coating method were
conducted to make coating onto the SiC fibers, sol-gel process
and chemical vapor deposition. Yb2Si207 was selected as targeted
coating with its higher resistant property for high temperature water
vapor oxidation. Mechanical properties of coated fibers were exam-
ined by tensile test of a fiber bundle mini-composite. Yb2Si2O7
coating were successfully fabricated through both coating method,
sol-gel process and CVD. However, tensile strength of a mini-com-
posite made by sol-gel process and CVD became half of the tensile
strength of a mini composite without coating. Tensile strength of
a mini-composite without coating reflects tensile strength of SiC
fiber. Hence the strength of SiC fiber degraded by coating, because
the coating affected as a brittle defect on SiC fibers. Coating was
improved to possess weak bonding between fiber and coating and
finally the properly controlled interface coating were realized
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and tensile strength of mini-composite maintained original fiber
strength. Finally, the coating performance was proved by SiC/SiC
bundle mini-composite fabricated by polymer infiltration and

pyrolysis.

11:00 AM

(ICACC-S2-018-2018) Ultrathin Ceramic Coatings to Stabilize
SiC Against Steam Oxidation

A. Hoskins*'; A. Coffey'; C. B. Musgrave'; A. W. Weimer'

1. University of Colorado Boulder, Chemical and Biological Engineering,
USA

Silicon Carbide (SiC) is an ideal material for many high-tempera-
ture applications due to its resistance to thermal shock and high
thermal conductivity. However, SiC degrades in water-rich environ-
ments limiting its applications in extreme oxidative environments
such as combustion engines, heat exchangers, and high temperature
reactor materials. Atomic layer deposition (ALD) generates nano-
scale films that are conformal, crack-free, and chemically bonded
to the substrate surface. We have previously found that the applica-
tion of mullite nanostructured films grown with ALD significantly
improves the oxidation resistance of SiC in extreme environments
with a film orders of magnitude thinner than standard applica-
tions. In addition to mullite, we have targeted a variety of high
temperature coating materials chosen based on thermal properties,
structural characteristics, and stability in oxidative environments.
Using thermogravimetric analysis, it has been shown that these
coatings improve the oxidation resistance of SiC by up to 64% at
1000°C. We have also developed a computation materials screening
method implementing density functional theory (DFT) to model the
diffusional and thermal properties of candidate coating materials.
Computational modeling of the chosen coating materials can help to
identify promising coatings to further extend the lifetime of SiC, as
well as engineered application specific coatings.

11:20 AM

(ICACC-S2-019-2018) Performance and Durability of Advanced
Environmental Barrier Coating Systems

D. Zhu*'; B. J. Harder'; G. Costa'; V. L. Wiesner'; K. Lee'; B. Puleo’;
J. B. Hurst!

1. NASA Glenn Research, Materials and Structures Division, USA

This paper summarizes recent NASA environmental barrier coating
(EBC) material advances for protecting the SiC/SiC Ceramic Matrix
Composites for meeting next generation turbine engine performance
requirements. We particularly present an advanced multicomponent
rare earth silicate EBCs with HfO,-Si bond coat system, the tempera-
ture capability, environmental stability, and thermomechanical
durability, advanced laboratory testing toward subelement demon-
strations. Fundamental coating properties of the coating system will
also be discussed, with the emphasis on the coating diffusion barrier
performance and Calcium Magnesium Alumino-Silicate (CMAS)
resistance.

11:40 AM

(ICACC-S2-020-2018) Damage Evolution of Environmental
Barrier Coatings under Mechanical Loading Condition (Invited)

Y. Kagawa*'; Y. Aoki'; Y. Arai'; H. Hatta'

1. Tokyo University of Technology, The Center for Ceramic Matrix
Composites, Japan

The effects of external mechanical loading on the damage evolu-
tion of a typical oxide/Si bond coat/(SiC/SiC) environmental barrier
coatings have been investigated. The influence of local high stress/
strain concentration and local crack evolution of oxide layer on
the damage evolution have been elucidated through experimental
approaches. To understand the effects clearly, model experiments
coupled with finite element simulations are carried out. Brittle

*Denotes Presenter

polymer/metal model materials are used for the experiments.
Discussions are made on the correlation between unique deforma-
tion and fracture behavior of environmental barrier coating layer on
SiC/SiC substrate.

$3: 15th International Symposium on Solid
Oxide Fuel Cells (SOFC): Materials, Science
and Technology

Electrolytes, Oxygen Ion, Proton and Mixed

Conductors, Conduction Mechanisms
Room: Crystal
Session Chair: Scott Barnett, Northwestern Univ

8:30 AM

(ICACC-S3-010-2018) Proton Conductive Multilayers:
manufacturing key issues (Invited)

A. Sanson*'; E. Mercadelli'; A. Gondolini'
1. CNR-ISTEC, Italy

Perovskites of general formula ABO; (BaCeO,, SrCeO;, BaZrO,
and SrZrO;), have received increasing interest as high temperature
proton conductors for hydrogen separation and as electrolytes in
intermediate-temperature solid-oxide fuel cells and/or electrolysers
(SOFCs/SOECs). These materials however still require ad-hoc inves-
tigations from the ceramic-technology point-of-view to boost their
widespread deployment in the abovementioned applications. This
work will highlight and examine two of the main issues linked to
the production of the abovementioned devices: production of planar
defect-free multilayers and retention of stoichiometry. In particular,
the role of the lamination step on the production scheme will be
studied using an alternative characterisation technique. The results
will show a new way to properly design and set the processing vari-
ables in order to achieve an high performance proton conductive
device.

9:00 AM

(ICACC-S3-011-2018) Electrolyte Film Deposited on Porous
Anode by Ultrasonic Spray Pyrolysis and Microwave Energy
Modification for Anode-supported SOFC

F. Ko*'; H. Chang'

1. National Taiwan Ocean University, Department of Marine Engineering,
Taiwan

The electrolyte thickness reduction and the triple phase bound-
aries (TPBs) extension into electrodes can reduce the ohmic
and polarization resistance to achieve high performance of solid
oxide fuel cell (SOFC). In order to deposit dense electrolyte film
and also to impregnate electrolyte into porous anode, ultrasonic
spray pyrolysis method is used to deposit the electrolyte film.
A (Lay;5Sr9,Bag 05).175Ce0 52501 501 (LSBC) electrolyte thin layer was
then deposited on La,,Sr,,TiO; (LST) porous anode by ultrasonic
spray pyrolysis. During the spraying process, the LSBC could partly
impregnate into porous LST. After co-fired at 1350°C, LSBC/LST
half-cell was then obtained. A microwave process was also used to
further modify the LSBC densification. The microwave heat treat-
ment could help LSBC thin layer more densely and also improve
the connectivity between LSBC and LST. From the AC-impedance
analysis, the polarization impedance of LSBC/LST half-cell was
reduced by microwave modification. The LSBC impregnated into
LST successfully by spray pyrolysis as to extending TPBs from LSBC
to LST. Microwave energy improved the diffusion between LST and
LSBC effectively.
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9:20 AM

(ICACC-S3-012-2018) Electrochemical studies on a Na-f”-
Alumina+ YSZ composite mixed ionic conductor

L. Ghadbeigi*'; T. D. Sparks'; A. V. Virkar'
1. University of Utah, Material Science and Engineering, USA

An experimental approach was developed to investigate electro-
chemical behavior of Na-f” Alumina+YSZ ceramic composites
under open circuit condition. This composite is a two-phase mixed
sodium ion - oxygen ion conductor. Under open circuit condi-
tion, three types of experiments in the range of 500°C-1000°C were
conducted to study the effect of; (i) applied chemical potential differ-
ential of Na across the membrane, (ii) applied chemical potential
differential of O, across the membrane (fuel cell mode) and (iii)
applied simultaneous chemical potential differentials of both Na and
O,. Under an applied chemical potential differential of Na, sodium
Nernst potential was observed. Under fuel cell loading, the sample
exhibited degradation on the side exposed to hydrogen, which was
attributed to Na-f3”-alumina in the sample. The measured poten-
tial varied with the extent of degradation. Ionic conductivity was
measured by a DC method and by electrochemical impedance
spectroscopy. Under applied both sodium and oxygen chemical
potential differentials, the open circuit voltage (OCV) exhibited
Goldman-type behavior. The results will be discussed using a
multi-species transport model. Acknowledgements: This work was
supported by the National Science Foundation under Grant Number
DMR-1407048.

9:40 AM

(ICACC-S3-013-2018) Electrolyte Conductivity and Area Specific
Electrode Polarization Resistance of Pt/8YSZ/Pt Over a Wide
Temperature Range using a DC Method

A. Szendrei*'; T. D. Sparks'; A. V. Virkar!
1. University of Utah, Materials Science and Engineering, USA

Contemporary transport measurements on solid state electrolyte
electrochemical systems are typically done using Electrochemical
Impedance Spectroscopy (EIS) from which electrolyte resistance
and electrode polarization resistance can be obtained. DC experi-
ments have only focused on electrolyte conductivity typically using
a 4-point method to remove electrode polarizations. Using a sensi-
tive ammeter, a high impedance voltmeter, and a constant voltage
source the conductivity of a polycrystalline 8YSZ sample was
measured down to 119°C using a 4-probe method. The area specific
electrode polarization resistance of platinum electrodes was esti-
mated using Kirchhoff’s voltage law, thus obtaining electrolyte and
electrode properties in a single experiment using the DC method.
Arrhenius plots of the electrolyte and the electrode data exhibited
linear behavior in the temperature range investigated. The electrode
polarization/current density relationship was analyzed considering
both the low and high electrode polarization limits of the Butler-
Volmer equation. EIS measurements showed good agreement with
the DC data.
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Sealing Materials, Designs and Approaches
Room: Crystal
Session Chair: Federico Smeacetto, Politecnico di Torino

10:20 AM

(ICACC-83-014-2018) Development of SOFC sealing materials
at the Technical University of Denmark - Towards solutions for
today’s and tomorrow’s challenges (Invited)

R. Kiebach*’; I. Ritucci'; K. Agersted'; P. Zielke'; P. V. Hendriksen'
A. Wulff'; F. Smeacetto’; A. Sabato®

1. DTU, Denmark
2. Politecnico di Torino, Department of Applied Science and Technology,
Italy

Glasses and glass-ceramics are commonly used as sealants in
planar solid oxide fuel cell (SOFC) stacks. These seals must provide
essential functions like separating fuel and oxygen streams, electri-
cally insulating various cell components, and providing sufficient
mechanical support. Unfortunately, improving on one function-
ality usually comes at the expense of other properties, and the right
balance is often difficult to achieve. This presentation will start with
a short review of existing solutions and challenges. Presented results
will focus on i) the development of Ba-free glasses with high coef-
ficient of thermal expansion (CTE), ii) the interaction of sealing
glasses with ferritic steels and (commercially available) coatings,
and iii) the long-term stability of commercial and in-house devel-
oped sealing solutions. Following recent trends, it can be expected
that new generations of SOFCs will be operating at lower tempera-
tures (< 700 °C). Consequently, future stack assembly will take place
at lower temperature (e.g. to prevent coarsening of nanostructured
electrodes or corrosion of metal supported cells), which will require
a re-design of existing solutions or the development of new sealing
materials. The final part of the presentation will look into these chal-
lenges and first ideas and results to overcome these will be presented.

10:50 AM

(ICACC-83-015-2018) Effects of contaminants on the ageing of
glass ceramic sealants for solid oxide cells (Invited)

D. Montinaro*'
1. SOLIDpower SpA, R&D Materials & Process, Italy

Barium-base glass ceramics, normally used as sealants for inter-
mediate temperature applications, are considered the most critical
materials limiting the lifetime of SOFC- and SOE-systems and, in
the most critical situations, leading to failure. In the present work
the ageing behaviour of glass sealants from the Ba-base family of
glasses, was simulated by exposing single components to typical
SOC operating environment. In addition, the effects of impurities,
contained in the raw materials or released from other stack compo-
nents, were investigated by introducing traces of such elements
during the preparation of the glass. Results obtained from this study
suggest that the crystalline phases developed after a short (<1000h)
ageing period are stable as long as the glass ceramic is not contam-
inated by foreign elements. Contaminants selectively react with
some elements of the glass ceramic, depleting the crystalline or the
residual glass phases and promoting the formation of new phases.
It was found that the formation of the Barium Chromate at the
interface between the glass and the ferritic stainless steel is the main
source of delamination after short ageing time. On the other hand,
the formation of Si-reach crystalline or glassy phases, probably
related to Ba-depletion, were considered the main sources of cracks
and delamination after a long (>10000h) ageing time.
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11:20 AM

(ICACC-S3-016-2018) Mechanical properties and strength
between an SOFC glass ceramic seals and Crofer22APU

L Ritucci*’; R. Kiebach'; L. Han'; P. Zielke'; K. Agersted'; P. Hendriksen';
H. L. Frandsen'

1. DTU, Energy, Denmark

Glass-ceramics are commonly used as seals in solid oxide fuel cells
(SOFCs) due to their ability to provide gas tight joints between the
different stack components and the versatility in terms of processing.
Mechanical integrity of the seals is however a key challenge for the
SOFC technology. Mismatch of the coefficient of thermal expan-
sion (CTE) between seal and other materials commonly used in
SOFC stacks leads to high residual stresses and greater risk of
failure. The Ba-free glass presented here has a promising CTE of
12.8 x 10° K matching the CTE of the remaining materials. The seal
was here tested against three different surface modifications of the
Crofer22APU: pre-oxidation at 900°C, an alumina coating and a
MnCo,0, (MCO) coating, which represent some interesting vari-
ations in surface roughness and porosity. The pre-oxidized layer is
dense and flat, while the alumina coating is rather rough, and the
MCO layer is porous. Given a weaker interface, surface roughness
and porosity should increase the interface fracture energy. Here,
the interfacial fracture energy is measured using the Charalambides
method, by sandwiching the glass between treated Crofer22APU
bars. The fracture interfaces are characterized by means of scanning
electron microscopy and energy-dispersive X-ray spectroscopy to
evaluate possible interactions between the seal and the metal that
might cause the seal to fail.

S$4: Armor Ceramics - Challenges and New
Developments

Materials Characterization I
Room: Coquina Salon F
Session Chair: Christopher Marvel, Lehigh University

8:30 AM

(ICACC-$4-013-2018) Measuring hardness when indents are
severely damaged

L.]J. Vandeperre*'
1. Imperial College London, Materials, United Kingdom

When measuring the hardness of hard materials, the number of
indents whose size can actually be measured decreases rapidly with
increasing load due to extensive cracking and the removal of mate-
rial during unloading. Only measuring the indents, which have
survived is not good laboratory practice as there could be a system-
atic reason why some indents survive and others not and hence the
hardness obtained from a subset of indents might be biased. There is
therefore a need for a method of determining the hardness of such
indentations which does not rely on examination of the indentations
after unloading. For small indentations, the use of load-displacement
data recorded during loading and unloading is now well established
for this purpose but when the loads are increased on a range of hard
materials it was found that the derived values of the elastic modulus
of the materials decreased at the loads where cracks started to be
observed. Since the elastic modulus of the material is constant this
indicates that some of the cracks form during loading and alter the
interrelation between displacement and contact area by adding
further compliance to the system. A study of the variation of compli-
ance confirmed this. Therefore a new analysis was carried out and
yielded a method, which can account for the cracking and give aver-
aged hardness values from series of indentations at different loads.

*Denotes Presenter

8:50 AM

(ICACC-54-015-2018) Disordering energy and excess free
energies effects on grain growth in MgAl,O, spinels

D. Ferreira Muche*'; R. Castro'

1. University of California, Davis, Materials Science and Engineering, USA

Nanocrystalline MgAl O, have shown to be a strategic material for
armor applications. However, together with nanocrystalline struc-
tures, the excess grain boundary free energies (yb) drives the system
to massive growth even at relatively low temperatures. Therefore,
the understanding of the thermodynamics and kinetics are the key
for controlling the microstructure evolution in nanocrystalline
these systems. This work quantifies their contribution by a system-
atic experimental investigation using ultrasensitive Differential
Scanning Calorimetry (DSC) on fully dense transparent MgAl,O,
spinel. The determination of yb as function of the grain size ranging
from ~ 8nm to ~150nm has been discussed and interestingly,
the yb in MgALOQ, spinel showed to possess a notable influence
of its grain size and degree of disorder, known to be dependent of
grain size. Furthermore, the influence of excess energies on grain
growth is addressed at temperature range 1100 to 1300C on fully
dense MgAl204. Grain boundary mobility and activation energy
were experimentally determined showing that excess energies are
responsible for the increased mobility, promoting faster growth at
nanoscale range.

9:10 AM

(ICACC-54-016-2018) Applying Data Science to Material Science
to Advance Armor Ceramic Research (Invited)

M. C. Golt*!
1. U.S. Army Research Laboratory, USA

Within the discipline of data science, researchers have developed
methods to obtain knowledge of trends, correlations, and causality
in systems by analyzing and visualizing collected data. These
methods, when applied to the development and testing of ceramic
material systems, could help material scientists gain insights into
how these materials can be efficiently manufactured to have superior
performance. Discussed are several data science methods that have
been employed on characterization data collected on large batches
of armor ceramic parts to understand the relationships between
processing, microstructure, and ballistic performance. Among the
methods used is a technique to efficiently collect ballistic perfor-
mance data such that the information contained in the dataset is
maximized. Once collected, various machine learning and data visu-
alization techniques are applied to the characterization dataset to
discover and understand how performance is related to microstruc-
ture and processing.

9:40 AM

(ICACC-$4-017-2018) Grain Boundary Segregation of Rare-Earth
Additives in Boron Suboxide

C.J. Marvel*'; K. D. Behler? J. S. Dunn?; J. LaSalvia’, M. P. Harmer'

1. Lehigh University, USA
2. US Army Research Laboratory, USA

This study is aimed at determining the effects of rare-earth addi-
tives on the structure and chemistry of grain boundaries in boron
suboxide. Boron suboxide powders were co-doped with combina-
tions of silica and yttrium, ytterbium, and other rare-earth oxides
totaling between 5-20 wt. %, and specimens were densified using
hot-pressing at 1850 °C for 3 hours. Different rare-earth elements
were chosen to investigate the role of dopant size and valence on
grain boundary segregation behavior. Grain boundaries were char-
acterized using aberration-corrected scanning transmission electron
microscopy (ac-STEM) to determine atomic structures using high-
angle annular dark field imaging (HAADF) and chemistries using
energy dispersive spectroscopy (EDS). Observations are compared to
site occupancy predictions made using first principle calculations of
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dopants on free surfaces. The main observations include clear differ-
ences in segregation behavior between different dopants, namely
modified atomic structures and different excess grain boundary
segregation concentrations. Experimental and computational results
will be presented.

Materials Characterization II
Room: Coquina Salon F
Session Chair: Jerry LaSalvia, Army Research Laboratory

10:20 AM

(ICACC-$4-018-2018) Mitigation of Amorphization in Boron
Carbide Achieved by Silicon doping Through High Temperature
Coupling of Boron Carbide and Silicon Hexaboride

A. M. Etzold'; V. Domnich*’; K. D. Behler’; K. Xie? J. LaSalvia’; R. A. Haber!

1. Rutgers University, Materials Science and Engineering, USA
2. Johns Hopkins University, USA
3. US Army Research Laboratory, Multifunctional Materials Branch, USA

Boron carbide suffers a loss in shear strength under high nonhydro-
static stresses due to nanoscale amorphization. Density functional
theory (DFT) simulations indicate silicon doping of the 3-atom
linear chains of boron carbide might suppress this amorphization.
In this work, diffusion zones in boron carbide/silicon hexaboride
diffusion couples were microstructurally, chemically, and mechan-
ically characterized to investigate the possible formation of
silicon-doped boron carbide. Diffusion zones were microstructurally
and chemically distinct, consisting primarily of silicon-doped boron
carbide with widths between 80-280um depending on temperature
and time. While measured nanohardness values for silicon-doped
boron carbide were lower than high-purity boron carbide, Raman
spectra from indents showed a significant decrease in amorphiza-
tion peak intensities. Rietveld refinements of XRD patterns indicate
silicon replaces boron at the center atom position in the 3-atom
chains. Consistent with DFT predictions, results demonstrate that
silicon atoms can be incorporated into boron carbide’s lattice and
mitigate stress-induced amorphization.

10:40 AM

(ICACC-S4-021-2018) The Kinetics and Mechanisms of
Abnormal Grain Growth Grain in Si-doped Boron Suboxide

C.J. Marvel*'; K. D. Behler? J. LaSalvia’; M. P. Harmer'

1. Lehigh University, USA
2. US Army Research Laboratory, USA

Boron suboxide is a promising armor ceramic because of its low
density and high hardness. One challenge for boron suboxide is its
inherent low fracture toughness. This can be significantly improved
by engineering grain boundaries with liquid-like nanolayer films.
This study is aimed at characterizing abnormal grain growth in
boron suboxide processed with silica additives. Abnormal grain
growth is used as a marker for possible complexion transitions and
existence of liquid-like nanolayer films. Boron suboxide samples
with 1-5vol.% silica (densified by pressure-assisted sintering at
1750°C) were heat-treated at various temperatures and times to track
the evolution of abnormal grain growth. The number and fraction
of abnormal grains were plotted on a time-temperature-transfor-
mation diagram to represent the kinetics of abnormal grain growth.
Furthermore, grain boundaries of both abnormal and small grains
were characterized by sub-A resolution electron microscopy to
determine structural and chemical differences. Experimental proce-
dures and results will be presented.
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11:00 AM
(ICACC-$4-020-2018) Nanotwinning in Boron Suboxide
C. Kunka*'; Q. An% G. Subhash!

1. University of Florida, Mechanical and Aerospace Engineering, USA
2. University of Nevada, Reno, Chemical and Materials Engineering, USA

Recent experimental and computational investigations have
demonstrated that nanotwinning of both metals and ceramics can
dramatically increase mechanical properties. This effect is largely
attributed to the arrest of slip, but other deformation mecha-
nisms can be important considerations, especially for icosahedral
systems. Hence, this study explores the effects of nanotwinning in
boron suboxide, an advanced ceramic with extraordinary theo-
retical strength but a susceptibility to amorphization. With
transmission electron microscopy, quasistatic/dynamic indentation,
and ultrasonic testing, we rationalize how nanotwinning benefits the
mechanical response of boron suboxide.

11:20 AM

(ICACC-S84-019-2018) An Analysis and Interpretation of Planar
Features in Boron Carbide (Invited)

J. W. McCauley*'
1. Johns Hopkins University/Army Research Laboratory, USA

Recent work on various hot pressed SiC materials, has suggested
that their transitional velocities depend on hardness and a form
of ceramic plasticity. It has also been suggested that the pres-
ence of planar features may have been a major contributor to this
“quasi-plasticity”. There is evidence that the presence of “twinning”
in boron carbide enhances the thermoelectric Seebeck coefficient
and certain mechanical properties. Their presence may also enhance
quasi-plasticity, so it would be important to try to understand why
they form and how to control and model them. In the assumed solid
solution between B,,C, and B,,C,, it has also been observed that the
planar features increase with increasing Boron content and certain
processing techniques. A review of selected examples in the boron
carbide system will be presented. While some may be twins, many
may not be crystallographic twins, but forms of compositionally
modulated structures that may exhibit grain boundary character-
istics; among these may be Wadsley defects (crystallographic shear
planes (CS)), which are elegant atomic structure mechanisms to
create electronic stability. Examples from other systems will also be
presented.

S6: Advanced Materials and Technologies
for Direct Thermal Energy Conversion and
Rechargeable Energy Storage

Materials Design for Lithium Batteries and Super-
capacitors I

Room: Tomoka A

Session Chair: Naoaki Yabuuchi, Tokyo Denki University

8:30 AM

(ICACC-S6-010-2018) Precise Surface Control of Cathode
Materials for Improved Battery Performance (Invited)

A. Cao*'

1. Institute of Chemistry, Chinese Academy of Sciences, China

Along with the increase in energy density of LIBs, major concerns
have been aroused on their reliability and safety. In this contri-
bution, we’ll reported our progress on the protection and
stabilization of cathode materials by precisely controlling the
atomic structure on the particle surface. Two different strate-
gies will be discussed. First, the nanocoating technique to form
uniform surface nanoshells with their thickness controlled at

*Denotes Presenter
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one nanometre accuracy: Solution-based synthetic routes will be
discusses to form different coating materials, typically metal oxides,
metal phosphates, and carbon for the protection of cathode mate-
rials. We demonstrated that the battery performance was directly
related to the coating state. Second, a surface doping strategy
to achieve a precise manipulation of the surface vacant lattices:
We identified that the diffusion path for metal ions during the
charge/discharge process could be successfully controlled by
inserting suitable metal ions, typically AI** for LiMn, ;Ni,;O,, which
ensured a very effective way to suppress the structural degradation
and parasitic side reactions at the surface for such a high voltage
cathode material.

9:00 AM

(ICACC-S6-011-2018) Electrochemical activity in borates and
oxyborates toward lithium

V. Pralong*’; B. LeRoux’; S. Malo'; A. Guesdon'; F. Laine'; J. F. Colin’%
C. Martin'

1. CRISMAT ENSICAEN Université de Caen, Laboratoire de
Cristallographie et Sciences des Matériaux, France

2. CEA, Laboratoire d’Innovation pour les Technologies des Energies
Nouvelles et les Nanomateriaux, France

Regarding the field of energy storage, the design of new materials
that are showing high ionic mobility together with being economic
and environmental benign is crucial. Our research is focused on the
synthesis by soft chemistry of new frameworks with large tunnels or
layered structures in order to favor ionic mobility. As an example,
we will discuss the lithium insertion into a copper iron oxyborate,
i.e. Cu,FeBOs. Four electrons are involved in the course of the first
discharge, which is ascribed to the Cu**/Cu redox couple. The reac-
tion is associated with a collapse of the structure but this material
shows a reversible and stable capacity of 180 mAh/g at 2.35V vs.
Li*/Li. Moreover, A new borate compound LiFe0.5C00.5BO3 was
been successfully synthesized for the first time by a multiple-step
process. This compound delivers a very interesting first discharge
capacity of 120mA h g 1 at C/20 rate without in situ carbon coating.
In this presentation we will discuss the possible use of transition
metal borates and oxyborates as electrode materials for Li/Na ions
batteries.

9:20 AM

(ICACC-S6-012-2018) Thermodynamic characterization of
de-lithiated LiNi, ,Mn, ,Co,,0, (NMC) cathode materials for
Lithium-ion batteries

W. Zhao*'; H. J. Seifert’
1. Karlsruhe Institute of Technology, IAM-AWP, Germany

LiNi,Mn;Co,0, (NMC) phases are commercially most promising
cathode materials for Lithium-ion battery design. However, there
is lack of knowledge of fundamental electrochemical-thermody-
namic correlations of these materials. This work is focused on the
thermodynamic stabilities of NMC phases of various composi-
tions, especially in charged state (partially de-lithiated state) to
contribute to better understanding of thermal and safety behavior.
Compared with other cathode materials, NMC safety performance
is relatively poor, according to thermal runaway tests. A system-
atic study is performed to investigate the structural changes and
thermodynamic characters of LiNi, ,Mn,,Co,,0, upon chemical
extraction. The de-lithiated experiments are performed by using the
oxidizing solution (NH,),S,0,. The impacts of lithiation degree in
Li, Ni, ,Mn,,Co,,0, on the structural and thermodynamic stabili-
ties are investigated. The crystal chemistry is determined by X-ray
diffraction, and the enthalpy of formation is measured by high
temperature oxide solution calorimetry. In addition, the NMC
phases are investigated by differential thermal analysis. At the
same time, the released gases of the reactions are investigated by

*Denotes Presenter

mass spectrometry. The presented results are significant for better
understanding the thermal and safety behavior of changed cathode
materials of NMC phases.

9:40 AM

(ICACC-S6-046-2018) Crystallization behavior of the Li,S-P,S;
glass electrolyte for sulfide-based all-solid-state lithium batteries

S. Mori*!

1. Osaka Prefecture University, Materials Science, Japan

Lithium-ion secondary batteries exhibit excellent charge-dis-
charge cycle characteristics and high energy density. However,
there is a problem in safety for using a flammable organic solvent.
Therefore, we focused on the sulfide-type all-solid-state batteries
using a non-flammable inorganic solid electrolyte. In the present
study, thermal stabilities of the positive electrode consisting of the
active material LiNi,;;Mn,;;Co,,;0, (NMC) and the 75Li,S-25P,S,
(LPS) glass electrolyte have been investigated by transmission elec-
tron microscopy (TEM). It was found that the exothermal reaction
originated from the crystallization of the LPS glasses. To better
understand the origin of the exothermic reaction, furthermore, the
precipitated crystalline phase of the LPS glass was identified. In situ
TEM observation revealed that -Li,PS, precipitated at approximately
200 °C, and then Li,P,S, and Li,S precipitated at approximately 400
°C. Since the precipitation of Li,P,S; and Li,S could not detected
in the single LPS glass, interfacial contact with NMC would have a
significant influence on the crystallization behavior in the LPS glass
electrolyte and the exothermal reaction. On the basis of the first
principle calculation, the origin of exothermic reaction in the NMC-
LPS composites will be discussed.

Materials Design for Lithium Batteries and Super-

capacitors II
Room: Tomoka A
Session Chair: Valerie Pralong, CNRS ENSICAEN

10:20 AM

(ICACC-S6-013-2018) Hierarchically structured cathode
materials for lithium ion batteries (Invited)

J. R. Binder*'; A. Héweling'; N. Bohn'; A. Wagner'

1. Karlsruhe Institute of Technology, Institute for Applied Materials (IAM),
Germany

Electrochemical energy storage systems will play an outstanding
role for flexible, decentralized and mobile energy concepts due to
their high degree of efficiency and the flexible application possibili-
ties. The key challenge in the context of new electrochemical energy
storage devices is the development of improved materials which are
adjusted to specific applications. Common electrode materials for
lithium ion batteries can be modified in various ways to achieve an
enhancement of thermal, mechanical, and chemical stability as well
as electronic and ionic conductivity, e.g. by variation of the chemical
composition using dopants or by functional coatings to protect the
particle surfaces. Another possibility to improve the electrochem-
ical performance of active battery materials is the realization of a
hierarchical structure. In this presentation the approach of hierar-
chically structuring of cathode materials by an established process
of grinding, spray drying and calcination will be presented using the
example of NCM materials and high voltage spinels. The relation-
ship between process parameters, morphology/microstructure and
electrochemical performance of the as prepared lithium ion batteries
will be presented.
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10:50 AM

(ICACC-S6-014-2018) A Step Toward Designing Electrodes for
Higher Energy Density Lithium-ion Batteries

P. Antitomaso*'; L. Savignac’; L. Taylor’; S. Généreux'; S. Rousselot';
T. Bibienne*; M. Pasquali’; S. Schougaard’ M. Dolle'

1. University of Montreal, Canada

2. University of Quebec in Montreal, Canada

3. Rice University, USA

4. Nemaska Lithium, Canada

Conventional composite electrodes consisting of a mixture of
active material (AM), carbon black and polymeric binder spread
on a metallic current collector could impede the development of
high energy density batteries as a large part of its composition only
act as dead weight up to 25%. Binder free, self-standing and flex-
ible electrode only made of AM and single wall carbon nanotubes
(SWNT) were previously investigated with up to 95 wt.% of AM and
promoted high specific capacity and steady with cycling. The high
electronic conductivity obtained thanks to the CNT network in the
self-supported electrodes allowed the cycling of uncoated LiFePO,
(LFP) particles. However, some performance losses (especially
at high C-rate) evidence that the SWNT network does not allow
reaching all single LFP particles. In order to reach a multiscale
conductivity, polymerisation of the 3,4-ethylene-dioxythiophene
(EDOT) by reinsertion of lithium into Li, ,FePO, was attempted.
Indeed, PEDOT on uncoated LFP is well known to create a conduc-
tive network between the particles. Electronic conductivity at the
macroscopic and microscopic scale in the electrode can be reached
thanks to the SWNT and the PEDOT leading to an uncoated
LiFePO, PEDOT self-standing electrode. The electrode preparation,
their physico-chemical properties and electrochemical performance
will be discussed and compared to that of a conventional electrode.

11:10 AM

(ICACC-S6-015-2018) Strain effect on cathode properties of
LiNi, sMn, ;O, spinel for Li-ion batteries

T. Kozawa*'

1. Osaka University, Joining and Welding Research Institute, Japan

Among the cathode materials for Li-ion batteries, LiNiy;Mn, ;O,
(LNMO) is a promising high-voltage cathode with a spinel struc-
ture. The way to improve cathode properties includes a particle size
reduction, surface coating with conducting materials, and control
of particle morphology. It is generally considered that lattice strains
and defects in the crystal are undesirable due to hinder the ion diffu-
sion. However, we have revealed that the insertion of lattice strains
into LNMO particles leads to improve its electrochemical perfor-
mances. In this study, the LNMO powder was treated by simple ball
milling to insert lattice strains. The treated LNMO exhibited a better
cathode performance than the pristine LNMO sample.
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S7: 12th International Symposium on
Functional Nanomaterials and Thin
Films for Sustainable Energy Harvesting,
Environmental, and Health Applications

Functional Nanostructures for Energy Conversion

and Storage and Catalysis I

Room: Coquina Salon C

Session Chairs: Dawit Gedamu, Ecole de technologie supérieure
(ETS); Daniel Chua, National University of Singapore

8:30 AM

(ICACC-87-010-2018) In situ Synchrotron X-ray Spectroscopic
Characterization of Energy Material (Invited)

C. Dong*'
1. Tamkang University, Department of Physics, Taiwan

A new age of human demand for sustainable energy is dawning
and material scientists are dedicated to finding novel materials for
clean energy. It has always been a considerable challenge to advance
the efficiencies of energy conversion, generation, and storage of
current energy materials. In numerous energy materials, such as
smart materials, artificial photosynthesis, nanoscatalysts, and energy
storage devices, it is critical to examine the local atomic/electronic
structures of the interfacial region under real working environ-
ment. Without knowing fundamental properties such as atomic/
electronic structures and especially how they adjust in the interfacial
region upon chemical/physical reaction, it is arduous to manufac-
ture a better material for boosting energy conversion/generation/
storage efficiency. Synchrotron x-ray spectroscopies, including x-ray
absorption and emission spectroscopies are very powerful and
effective tactics to characterize the local unoccupied and occupied
states. Taking advantage of the in situ technique, monitoring the
variation of atomic/electronic structures of the energy material in
operational environment now becomes possible. This presentation
will report the synchrotron in situ x-ray spectroscopies, including
soft- and hard-x-ray spectroscopies for various energy materials.
Recent development of in situ technique, and emergent synchrotron
microscopy will be also presented.

9:00 AM

(ICACC-S7-011-2018) Molten salt oxidation of nickel in KOH
melts for the direct production of electroactive nickel oxides to be
used in supercapacitor applications (Invited)

M. Urgen*; N. Tokmak'
1. Istanbul Technical University, Turkey

Since the invention of capacitor in 1745, very high capacity capaci-
tors that fill the gap between batteries and conventional capacitors
could only found widespread use in the beginning of this century.
Today these capacitors also named as super capacitors/ ultra capaci-
tors or electrochemical capacitors are extensively used in automotive
industry, electrical vehicles and also for power quality. Between the
two basic types of supercapacitors, electrical double layer capaci-
tors (EDLC) are more widely used. However, for increasing energy
density, pseudo capacitors or a combination of EDLC and pseudo
capacitors provides more opportunities. Electroactive nickel oxides
have attracted substantial interest as pseudo capacitor electrodes due
their high capacity. In this presentation benefits of direct produc-
tion of these oxides on nickel substrates will be explained and the
methods for direct production will be compared. Our recent results
on the usage of molten salt oxidation of nickel foams for super
capacitor applications will be presented.

*Denotes Presenter
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9:30 AM

(ICACC-S7-012-2018) Freestanding Holey Thin Films for Battery
Energy Storage Systems (Invited)

K. Marcus*’; Y. Yang'
1. University of Central Florida, Materials Science and Engineering, USA

The rapid advancement of portable and wearable technologies has
challenged research to improve upon current battery energy storage
systems. By using nanotechnology, it is now possible to access more
of the energy storage theoretical values that have been unattainable
thus far. We have developed a method to create freestanding holey
thin films through combinations of electrochemical and chemical
vapor deposition (CVD) techniques to be used in battery energy
storage systems. Freestanding thin films promote excellent contact
between the residual conductive framework and any functional-
ized active component specific to the designed material. Without
requiring any other additives, the as-prepared freestanding thin
films can be mechanically and chemically tuned to allow for use in
a wide range of applications. Incorporation of micro- and nano-
sized holey structures dramatically enhances the electrochemically
active surface area, which is essential for facilitating appropriate
reactions in conversion type energy storage systems. Combining the
freestanding and holey components with an active layer effectively
enhances conductivity and reduces the electron transfer distance at
the electrode-electrolyte interface. Herein, two separately designed
freestanding holey thin films were successfully used as cathode mate-
rials for lithium-sulfur battery (Li-S) and magnesium-ion battery
(MIB) energy storage systems.

Perovskites and Other Optical Materials for Light

Management
Room: Coquina Salon C
Session Chair: Chung-Li Dong, Tamkang University

10:20 AM

(ICACC-S7-013-2018) Frequency Converting Lanthanide-Based
Materials and Molecules (Invited)

E. Hemmer*'

1. University of Ottawa, Chemistry and Biomolecular Sciences, Canada

Based on their outstanding optical properties, frequency converting
Ln**-based compounds have been suggested for a whole gamut of
applications including the field of biomedicine and solar energy
conversion. For instance, the capability of Ln’"-based materials to
emit visible and near-infrared (NIR) light under NIR excitation is
sought after when aiming for biomedical applications. This is due
to the fact that NIR light penetrates deeper into biological tissue
when compared to UV or visible light. Fluorides, e.g. NaGdF,, are
commonly considered as suitable host materials for upconverting
and NIR emitting Ln’*" ions (e.g. Er’*) and their preparation via
the thermal decomposition process has been widely studied. A
microwave-assisted approach offers a promising alternative for
the synthesis of Ln’"-nanoparticles of controlled size and crystal-
line phase. Ln*"-based compounds have also been suggested to
reduce efficiency loss in solar cells. In this context, Ln** ions such
as Eu’ or Tb*" are suitable candidates emitting visible light under
UV excitation. Moreover, Eu** is a model ion of particular interest
since its emission spectrum allows us to draw conclusions about the
chemical environment of Eu* ions as shown on the example of a
Tb**/Eu’*"-complex. This presentation will shine a light on the versa-
tile landscape of Ln**-based materials and molecules focusing on
materials synthesis and Ln*-specific optical features.

*Denotes Presenter

10:50 AM

(ICACC-S87-014-2018) Semiconducting halide perovskite
materials for PV and as photodetectors (Invited)

D. M. Gedamu*'; I. M. Asuo? F. Rosei% S. G. Cloutier'; R. Nechache'

1. Ecole de technologie supérieure (ETS), Department of Electrical
Engineering, Canada
2. INRS-EMT, Centre for Energy, Materials and Telecommunications, Canada

Hybrid perovskite semiconductors recently emerged as one of the
promising material systems particularly for solar cell applications
because of low cost material synthesis, high photon absorption,
tunable bandgap and versatile material properties and fabrication
processes. In the last 5 years, an unprecedented effort has been
devoted in tailoring perovskite grain size and control of pinhole
in the perovskite thin film. However an efficient technique in
tailoring the microstructure at ambient environmental conditions
in a simple experimental strategy has not been realized. In addition,
processing of the film at ambient environmental condition poses a
huge problem since hybrid perovskite materials have strong affinity
to atmospheric moisture. In here we will show ambient processed
perovskite thin films using different solvent treatment techniques to
control grain size and a possible mechanism to reduce the number
of pinholes on perovskite film that would allow for the better perfor-
mance of the cell. Single and triple cation based perovskite thin films
which the microstructure is controlled by solvent treatment will be
demonstrated and the PV performance will also be presented. In
addition, we also present results from the recently developed highly
performing halide perovskite nanowire based photo detectors.

11:20 AM

(ICACC-S7-015-2018) High-performance organohalide
perovskite nanowire photodetector (Invited)

I. M. Asuo*'
1. L’Ecole de technologie supérieure (ETS), Electrical, Canada

Organometal halide perovskites have exhibited outstanding opto-
electronic properties such as tunable optical properties, high charge
mobility, and long charge diffusion length. In this work, we demon-
strate the synthesis of organohalide perovskite nanowires by spin
coating method and fabrication of simple-planar photodetector
without charge extraction layers. The photoresponse measurements
indicate a broad spectral response from 300 to 850 nm, high spectral
responsivity, time response and photocurrent. These results indicate
that photocurrent generation is due to the charge transfer within the
nanowire network.

11:40 AM
(ICACC-S7-016-2018) Electrospun Perovskite Fibers - New

Flexible 1D Nanocomposites for Light Harvesting Applications
(Invited)

C. Bohr*'; S. Oez'; A. Lepcha'; M. Schiitz'; F. Staub’ T. Kirchartz? S. Mathur'

1. University of Cologne, Institute of Inorganic Chemistry, Germany
2. Forschungszentrum Juelich, IEK-5 Photovoltaics, Germany

Due to their high efficiencies (up to 22%, comparable to estab-
lished thin-film solar cells like Cu(In,Ga)Se, or CdTe), interest
in perovskite solar cells is growing rapidly. In contrast to the high
quantity of publications dealing with planar, rigid solar cells, one
dimensional, fiber like solar cells have not been focused. There for,
single step fabrications of phase-pure organic-inorganic lead and
tin halide perovskite (MeNH,;MI,; M= Sn,Pb) fibers are presented.
The experimental results demonstrate first comprehensive data on
inert electrospinning of an air sensitive organic-inorganic hybrid
material. X-ray diffraction and steady state photoluminescence data
confirmed the phase purity, as well as photonic properties. Planar
heterojunction solar cells prepared by direct electrospinning of
composite fibers onto compact TiO, coated FTO substrates showed a
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photoelectric response under simulated sunlight conditions. Despite
their lower efficiencies (compared to planar PV cells), 1D hybrid
perovskite fibers are potential elements for flexible optoelectronics.

S8: 12th International Symposium on
Advanced Processing and Manufacturing
Technologies for Structural and
Multifunctional Materials and Systems

(APMT12)

Polymer-Based Processing

Room: Coquina Salon A

Session Chairs: Enrico Bernardo, University of Padova;
Lisa Rueschhoff, Air Force Research Lab

8:30 AM

(ICACC-S8-008-2018) Multifunctional polymer-derived (carbo)
nitride ceramics (Invited)

A. Lale'; S. Bernard*'
1. CNRS UMR 7315, Ceramic Research Institute, France

There is a trend toward more flexibility and an increased interest in
“smart” and “adaptive” materials with the objective to meet most
industrial specifications. Nitrides and carbonitrides can be consid-
ered as such strategic materials. They attract increasing interest due
to their properties targeted for future materials and technologies
especially because they bear intrinsic multifunctionality through
the synthesis of multi-element compounds. Inherent difficulties to
the traditional techniques for manufacturing such multi-element
materials can be overcome by the development of synthetic paths
where chemistry of materials and ceramic science are combined
rationally to process multi-scale complex solid state architectures.
The Polymer-Derived Ceramics (PDCs) route offers new prepa-
ration opportunities in ceramic sciences. The molecular origin
of preceramic polymers and the possibility to shape then pyrolyze
them into advanced materials play a major role in the preparation
of ceramics endowed with properties that reach far beyond those
of existing materials. Here, we report the design of multi-element
ceramics in the carbonitride and nitride systems. This presentation
will be particularly focused on the polymer synthesis/processing/
pyrolysis to generate amorphous ceramics, composites and nano-
composites in the Si-Ti-N-C systems that display high potential as
catalyst and electrocatalyst supports.

9:00 AM

(ICACC-S8-009-2018) Preparation of High-Pressure Phases from
Polymer-Derived Amorphous Materials (Invited)

Y. Sugahara*'

1. Kagami Memorial Research Institute for Materials Science and
Technology, Waseda University, Department of Applied Chemistry,
School of Advanced Science and Engineering, Japan

High-pressure phases are attracting increasing attention for example
as hard materials. The use of amorphous materials could allow the
crystallization of high-pressure phases at relatively low pressure and
temperature in comparison with their standard synthesis using crys-
talline materials stable under ambient conditions. Polymer-derived
ceramics (PDCs) have been developed for various directions, such
as non-oxide fibers and composites, and the PDC process is also
applicable for the preparation of non-oxide amorphous materials by
employing relatively mild pyrolysis conditions. Thus, it is interesting
to prepare high-pressure phases by using amorphous materials
derived by the PDC process. One example is preparation of cubic
silicon nitride from amorphous materials prepared by the pyrol-
ysis of perhydropolysilazane using a shock-compression apparatus.
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The use of amorphous materials was advantageous for the crystal-
lization of cubic silicon nitride. Another example is the preparation
of cubic boron nitride using a belt-type apparatus from amorphous
materials obtained via the reaction between boric acid and urea
and subsequent annealing under ammonia. The formation of cubic
boron nitride was promoted by the use of amorphous materials if
water was added.

9:30 AM

(ICACC-S8-010-2018) Highly Porous Mullite Ceramics from
Engineered Alkali Activated Suspensions

E. Bernardo*'; A. Rincon'; H. Elsayed'

1. University of Padova, Dipartimento di Ingegneria Industriale, Italy

Air may be easily incorporated by vigorous mechanical stirring, with
the help of surfactants, of activated geopolymer-yielding suspen-
sions. The cellular structure is stabilised by the viscosity increase
caused by curing reactions, configuring an ‘inorganic gel casting’.
The present investigation is aimed at extending this approach to
mullite foams, obtained by the thermal treatment of engineered
alkali activated suspensions. ‘Green’ foams were first obtained by
gel casting of a suspension for Na-geopolymer enriched with reac-
tive y-Al,O, powders. Sodium was later extracted by ionic exchange
with ammonium salts. In particular, a complete removal of Na*
ions was achieved by immersion in ammonium nitrate solution
(at 60 °C, overnight), with retention of the cellular structure. Finally,
the ion-exchanged foams were successfully converted into pure
mullite foams by application of a firing treatment at 1300 °C, for 1 h.
Activated suspensions were also used as novel base materials for
direct ink writing of Na-geopolymer/y-Al,O; three-dimensional
composites scaffolds, later subjected to the same treatments
(ion exchange and conversion into mullite) applied to foams.
Preliminary results concerning the obtainment of porous SiAION
ceramics, from the same process (except for the firing in N, instead
of air) will be presented as well.

10:10 AM

(ICACC-S8-011-2018) Synthesis of M, Ti,(PO;), (M,= Li, Na, K,)
compounds by the polymeric steric entrapment method and their
thermal expansion behavior

D. Ribero*'; K. Tseng'; K. C. Seymour’; W. M. Kriven'

1. University of Illinois, Materials Science and Engineering, USA
2. Pratt & Whitney, Aviation & Aerospace, USA

Pure crystalline LiTi,(PO,), (LTP), Li, ;Al,;Ti, ,(PO,), (LATP),
NaTi,(PO,), (NTP) and KTi,(PO,), (KTP) compounds were
produced in a single step by the polymeric steric entrapment
method. Ethylene glycol (EG) monomer (HOCH,CH,0H) was
used as the organic carrier for the precursors. It was found that
the proper dissolution and mixing of the reagents was even more
important than the nitrates:polymer ratio. Excess of isopropyl
alcohol, pH modification and mechanical re-dispersion of the gels
formed during the synthesis enabled the production of single phase
powders. In general, powders at low calcining temperatures were in
the nano range with high specific surface area (500°C - 700°C) with
rapid crystal growth. However, reduction in the specific surface area
as well as pre-sintering were notice at high temperature (1000°C).
The thermal expansion behavior of LTP, LATP, NTP and KTP were
measured by in situ, high temperature, synchrotron powder diffrac-
tion. It was demonstrated that the CTEs were neither constant nor
linear. LTP and LATP exhibited a positive but decreasing thermal
expansion along the a-axis in the 25°C - 1000°C range, NTP
displayed a negative but increasing thermal expansion in the 25°C -
1200°C range. KTP revealed a negative but increasing behavior up to
~500°C which then became positive and increasing up to ~1300°C.
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10:30 AM

(ICACC-S8-012-2018) Effect of Atmospheric Composition
on Thermal Condensation Reaction of Polysilane as Ceramic
Precursor

M. Narisawa*'; R. Hanatani'; K. Yamada'; H. Inoue'
1. Osaka Prefecture University, Japan

Polydimethylsilane (PDMS) is known to be useful as ceramic
precursor after condensation reaction in an inert atmosphere at
temperatures of 400-450 C. In this reaction. Si-Si bonds in PDMS
main chains are considered to be converted to Si-C bonds by methyl
group insertion (called “Kumada rearrangement”). Thus obtained
condensates (named polycarbosilane (PCS)) acquire melt spin-
nability and solubility for organic solvents, although PDMS itself
does not have meltability, and is not soluble to any organic solvents.
The conversion yield of PCS from PDMS are, however, usually 50-60
mass%. In spite of many attempts to improve the PCS yield from
PDMS using an autoclave or catalytic additives, substantial progress
has not been reported for a long period. Recently, we investigated
the effect of CO, coexistence under relatively high pressure (2-5 bar)
for thermal condensation reaction of PDMS. The starting tempera-
ture of “Kumada rearrangement” was lowered, and the apparent
PCS yield from PDMS was increased beyond 80 mass%. The yields
seem to depend on the pressure of CO, and a temperature profile
of the used chamber. In the presentation, we will describe the basic
information about the CO, effect on the PDMS condensation, and
some characterization results of thus obtained “PCS”.

10:50 AM

(ICACC-S8-013-2018) Processing of Organized Ceramic Thin
Film Nanocomposites via Macromolecular Self-Assembly

L. M. Rueschhoff*'; L. A. Baldwin'; Z. D. Apostolov'; H. Koerner';
J. D. Berrigan'; T. Pruyn'; M. Cinibulk'; M. B. Dickerson'

1. Air Force Research Laboratory, USA

Nanoscale controlled ceramics and ceramic composites exhibit
extraordinary mechanical properties, including elastic defor-
mation and high toughness, but are difficult to fabricate using
scalable production methods. The ability to control pre-ceramic
polymer (PCP) patterning by using bottom-up approaches enables
production of hierarchical ceramic components with potentially
enhanced mechanical properties. The combination of block copo-
lymers (BCPs) and pre-ceramic polymers (PCPs) enables forced
patterning of the PCPs as a result of the self-assembly of the BCPs.
BCPs contain two or more chemically-distinct blocks that phase
separate into well-defined nanostructures (e.g. lamella). Subsequent
pyrolysis of the material converts the PCP into a structural ceramic
material while removing the self-assembled BCP from the struc-
ture. Nanocomposite materials can then be created through
backfilling these structures with a second polymer or ceramic phase.
Preliminary results on processing optimization of silicon carbide
PCP and polystyrene-poly(methyl methacrylate) (PS-b-PMMA)
lamellae forming BCP thin films will be presented.

11:10 AM

(ICACC-S8-014-2018) Synthesis and characterization of novel
lignin based composites

K. Hall*; Y. Ji% S. Gupta'
1. University of North Dakota, Mechanical Engineering, USA
2. University of North Dakota, Chemical Engineering, USA

Fused deposition process (FDP) is defined as a type of Additive
Manufacturing (AM) process where polymeric feedstock is
extruded into filaments which then are deposited by 3D printing,
and the solidification occurs during cooling of the melt. Currently,
complex structures are being developed by FDP. In this presenta-
tion, synthesis and characterization of novel lignin based composites

*Denotes Presenter

will be fabricated by additive manufacturing. More particularly, the
effect of critical parameters like printing speed, particulate content
and chemistry will be identified.

11:30 AM

(ICACC-S8-040-2018) Compositional effect on the ionic
conductivity in doped LaAlO, base ceramic system (Invited)

P. Singh*!
1. Indian Institute of Technology(BHU), Department of Physics, India

In the present work, we investigated on compositional effect on the
ionic conductivity of LaAlO,. For this, at first, we co-substituted
10 mole% of Sr and Mg at A- and B- site of LaAlO,, respectively and
then we synthesized double substituted with A” (with A” = Ba and
Sm) at A-site to form A" La,, Sry, Al oMg,,0; 4 with x = 0.01
and 0.03. The samples were synthesized by auto-combustion tech-
nique and found to possess high density. The X-ray diffraction
patterns indicated that both Ba and Sm doubly substituted systems
formed single phase solid solution having structure similar to
pure LaAlO,. EDX results confirmed elemental compositions and
revealed variation in Oxygen deficiency which was in correlation
with mobile charge concentration. The conductivity was found to
be enhanced considerably in substituted samples in comparison
to pure LaAlQ,. Also, it was observed that the enhancement in the
conductivity was higher for Ba double substituted system. The trans-
ference number of the systems was calculated in a unique way and
that suggested that Ba substituted system is of type I ionic conductor
while Sm substituted system is of type II ionic conductor.

S11: Advanced Materials and Innovative
Processing Ideas for the Production Root

Technologies

New Concepts and Emerging Technologies for

Enhanced Product Performance

Room: Ponce de Leon

Session Chairs: Heechae Choi, Virtual Lab Inc.; Byung-Koog Jang,
National Institute for Materials Science (NIMS)

8:30 AM

(ICACC-S11-012-2018) One-step synthesizable heterostructure
photocatalyst discovered by DFT thermodynamics calculations
(Invited)

H. Choi*!
1. Virtual Lab Inc., Republic of Korea

ZnS is a promising photocatalytic material having a strong reduc-
tion power (-1.04 V to NHE). However, the severe electron-hole
recombination of ZnS in its direct band gap implies that there are
many chances to improve its photocatalytic activities via materials
engineering for accelerated electron-hole separation. Using density
functional theory (DFT) calculations, we found that ZnS photo-
catalyst has large band offset and strong tendency of electron-hole
transfers with nickel sulfide phases (NiS Ni,S,). In addition, nickel
sulfide phases (Ni,S,) are predicted to be thermodynamically
immiscible with ZnS. Our experiments clearly demonstrated that
ZnS-Ni S, phases are well separated and exhibit excellent photo-
catalytic activities in heterojunctions. The immiscibility of ZnS and
Ni,S, phases and large band offsets make the ZnS-Ni,S, composite
as an ideal heterostructure photocatalyst which can be synthesized
via one-step processes and possess strong electron-hole separation
capability.
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8:50 AM

(ICACC-S11-013-2018) Synthesis method of carbon fiber
reinforced thermoplastic with high performance (Invited)

T. Yamamoto*'; K. Uematsu'; S. Yabushita'

1. Nagoya University, Materials and Design Innovation Engineering, Japan

The composite materials were synthesized to create high function-
ality. For example, carbon fiber reinforced plastic (CFRP) was light
and high stiffness to be used as constructional materials in the field
of aircraft industry. The mechanical properties of the composite
materials depended on the surface adhesion between raw materials.
Hence, this study focused on the surface properties between them.
We improved the surface adhesion to enhance the mechanical prop-
erties of carbon fiber reinforced thermoplastics (CFRTP). Polymer
colloid including the same components as the thermoplastic was
prepared through the polymerization or using thermoplastic powder
and surfactant. The polymer particles were adsorbed on the carbon
fibers (CFs) by electrophoresis. The amount of the adsorbed particles
on CFs were controlled with applied voltage. The surface adhe-
sion between the modified CFs and thermoplastic were evaluated
to measure the interfacial shear strength (ISS). As a result, the ISS
was increased with the amount of the adsorbed particles increasing.
CFRTP was prepared through hot press method using the modified
CFs, and the three-point bending test was examined. Improvement
of surface adhesion lead to the high mechanical properties of the
CFRTP. Thus, CFRTP with high performance was synthesized with
colloidal techniques. CFRTP is expected to be applied to automo-
biles to realize the sustainable development.

9:10 AM

(ICACC-S11-014-2018) Design and Process of a Ceramic and
Polymer Composite with High Strength and Low Weight Using
Binder-Jet 3D Printing

D. Kim*'; J. Bae'; S. Park’; J. Choi'; J. Lee'; E. Kim'
1. Korea Institute of Industrial Technology, Republic of Korea

3D printing technology is recently being highlighted as a innova-
tive manufacturing process. Among various 3D printing methods,
a binder-jet 3D printing using ceramic powder is particularly inter-
esting since considerably reducing production time of a traditional
sand mould. However, high building cost by the binder-jet 3D
printer needs to be lower to increase an industrial application of the
3D printing. In this study, a high strength and low weight ceramic
and polymer composite is studied for less material consumption
and build time saving. The adhesive property of a current binder
such as furan are improved using various chemical additives, and
low weight structure are investigated with designing a microstruc-
ture. Our results will play a significant role in manufacturing of 3D
ceramic products having a complex shape as well as conventional
sand moulds using the 3D printing technique.

9:30 AM

(ICACC-S11-015-2018) Mechanical properties of CNTs
reinforced ceramics nanocomposites (Invited)

B.Jang*'; K. Lee’; Y. Han’

1. National Institute for Materials Science, Research Center for Structural
Materials, Japan

2. Kookmin University, Republic of Korea

3. Wuhan University of Technology, China

CNT(Carbon Nanotube) have attracted great interest because of
their unique structural, electronic, physical, and thermal properties,
such as high electrical conductivity, thermal conductivity, and elastic
modulus. It has been reported that CNT are 100 times stronger and
6 times lighter than steel. CNT addition into engineering ceramics
is expected to offer good damage and wear resistance, exhibited
by the lower friction and damage absorption characteristics of
carbon material. The goal of the present study is to improve the
damage and wear resistance of alumina ceramics by the addition
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of CNT, considering only the content of CNT in the composites.
The hardness and toughness of Al,0,-CNT nanocomposites were
also affected by CNT contents, which, in turn, influenced the wear
characteristics of the composites. In addition, the effect of CNT rein-
forcement on the mechanical properties of yttria-stabilized zirconia
(YSZ) and hydroxyapatite has been investigated.

10:10 AM

(ICACC-S11-016-2018) Production Root Technology has
Another ACE (Applicability, Cost efficiency, and Environmental
friendly) (Invited)

K. Yasuda*'
1. Tokyo Institute of Technology, Japan

For several years in this symposium, we discuss the concept of
“Production Root Technology”, and found many success stories and
noteworthy examples, in which we recognize transformation from
3D (dangerous, dirty, and difficult) aspects into ACE (automatic,
clean, and easy) ones. But the present author thinks that another
ACE is also needed for production root technology. That is, “(Wide)
Applicability”, “Cost efficiency”, and “Environmental friendly” for
the next generation ceramic industry. For example, if we develop
an advanced production route, it should have these ACEs. Or, if we
adopt an reliability estimation method, it also should have the ACEs.
In this presentation, the present author introduces an example
of extension of Weibull statistics from dense ceramics to porous
ceramics from the viewpoint of wide applicability, cost efficiency,
and environmental friendly.

10:30 AM

(ICACC-S11-017-2018) Interfacial adhesion between carbon fiber
and thermoplastics effected for appropriate/sufficient mechanical
properties of CFRTP (Invited)

T. lirisawa*'; K. Ujihara'; S. Kobayashi'; Y. Tanabe'
1. Nagoya University, Japan

CFRPs is an excellent material and the demands for the latest auto-
motive of them are considered to be increasing for its lightweight.
Especially, carbon fiber reinforced thermoplastics (CFRTPs) have
been expected for their low cost, high productivity. Therefore,
CFRTPs made with commodity plastics have been developed world-
wide. Improvement of interfacial shear strength (IFSS) between
carbon fibers (CFs) and thermoplastics has been focused for devel-
opment of CFRTP having high mechanical properties. It is known
that the surface of CFs has the oxygen-containing functional groups
by surface treatment such as electrolytic oxidation process, and that
these functional groups form covalent bonds to epoxy resin at the
time of traditional CFRP molding, which causes high IFSS. On the
other hand, it has not been clear that the functional groups effi-
ciently work for the IFSS between CFs and various thermoplastics.
In this study, PA6 were chosen as matrix polymer for CFRTPs,
because PA6 have been expected as matrix polymer for automotive
application in terms of the balance of properties and cost. Each CFs
with/without oxygen-containing functional groups on the surface
were prepared, and difference of IFSS between each CFs and PA6
was discussed. The mechanical properties of CFRTP made with each
CFs and PA6 were also evaluated.

10:50 AM

(ICACC-S11-018-2018) Current Status of ISO/TC206 Fine
Ceramics (Invited)

S. Sakaguchi*!

1. AIST, Japan

ISO/TC206 is a technical committee (TC) in ISO, which deals
with the ISO standards relating to fine (advanced) ceramics. This
technical committee was established in 1992, and the first plenary
meeting was held in 1994. After more than 20 years of the activities
of this TC, we already have around 100 ISO published standards,
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and still around 40 new work items under development. For the
discussion of the standards for this field, we have 12 working groups
in our TC. They are (1) terminology/classification, (2) powders, (3)
chemical analysis, (4) composites, (5) porous ceramics, (6) mono-
lithic ceramics - mechanical properties, (7) monolithic ceramics
- physical and thermal properties, (8) joining, (9) photocatalysis,
(10) coatings, (11) electrical and optical applications, (12) engi-
neering applications. In the beginning of this TC, we had work items
for fundamental properties on ceramics, such as strength, hardness,
thermal expansion etc., but already the discussing items tends to
shift to some focused applications, such as bearing balls, photocat-
alytic materials, piezoelectric materials etc. As the presenter is in
charge of the secretary of this TC, current status of this TC will be
explained in the presentation.

11:10 AM

(ICACC-S11-019-2018) Innovative Technology for °Li
Enrichment using Electrodialysis with Lithium Ionic
Superconductor (Invited)

T. Hoshino*'

1. National Institutes for Quantum and Radiological Science and
Technology (QST), Breeding Functional Materials Development Group,
Department of Blanket Systems Research, Rokkasho Fusion Institute,
Fusion Energy Research and Development Directorate, Japan

Tritium needed as a fuel for fusion reactors is produced via neutron
capture by lithium-6 (°Li). However, natural Li contains only about
7.8% °Li, and enrichment of °Li up to 90% is required for adequate
tritium breeding in fusion reactors. In Japan, lithium isotope enrich-
ment methods have been developed to avoid the environmental
hazards of using mercury. However, the isotope separation coef-
ficient and efficiency is too low to meet the practical need of large
mass production of °Li. Therefore, new Li isotope separation tech-
nique using a Li ionic superconductor functioning as a Li isotope
separation membrane (LISM) have been developed. First of all, I
investigated the ionic mobility of lithium isotopes in ionic super-
conductor. Combing the first principle and the kinetics Monte
Calro simulation, I calculate the diffusion constant of °Li and "Li.
Furthermore, examinations of Li isotope separation using LISM with
electrodialysis ware performed. Because the mobility of °Li ions is
higher than that of "Li ions, °Li can be enriched on the cathode side
of a cell. Using Li,,,La, 5, T10; (LLTO) as the Li ionic superconductor
was prepared. After electrodialysis, I obtained a maximum of 1.04
for the Li isotope separation coefficient. This result showed that the
SLi isotope separation coefficient of this method is the same as that
of the amalgamation process using mercury (1.06).

11:30 AM

(ICACC-S11-008-2018) Observation of internal structure of
ceramic slurry, green body and sintered body by optical coherence
tomography (Invited)

J. Tatami*'; T. Takahashi’

1. Yokohama National University, Japan
2. Kanagawa Institute of Industrial Science and Technology, Japan

It is well-known that the properties of ceramics strongly depend
on their internal structure, which is changed during the fabrica-
tion process. Optical coherence tomography (OCT) is the novel
technique to be able to obtain the image of the internal structure
of opaque materials rapidly and 3-dimensionally, which has been
developed in the field of medical application. In this study, the OCT
was applied to observe internal structure of ceramic slurry, green and
sintered body. Brownian motion of Si,N, particles in the slurry and
anisotopic drying of the slurry were observed in real time. Internal
structure of the green body prepared by dry pressing resulted from
the used granules. Artificially induced pores and cracks in the AlO,
sintered body were clearly found by OCT observation.

*Denotes Presenter

S12: Advanced MAX/mxene Phases and
UHTC Materials for Extreme and High
Temperature Environment

MAB Phases and Next Generation Development in
Designing of MAX Phases

Room: Tomoka B
Session Chairs: Babak Anasori, Drexel University; Leszek Chlubny,
AGH-University of Science and Technology

8:30 AM
(ICACC-812-012-2018) Ti;AuC,, Ti;Au,C, and Ti,IrC, by noble-
metal substitution reaction in Ti,SiC, (Invited)

P. Eklund*!
1. Linkoping University, Dept. of Physics, Chemistry, and Biology, Sweden

The large class of layered ceramics encompasses both van der Waals
(vdW) and non-vdW solids. While intercalation of noble metals in
vdW solids is known, formation of compounds by incorporation
of noble-metal layers in non-vdW layered solids is largely unex-
plored. The MAX phases constitute an important model system
for this general research question. Here, I will present our recent
demonstration [Fashandi, ..., Eklund, Nature Materials 16 814 2017]
of formation of Ti;AuC, and Ti,;Au,C, phases by a substitutional
solid-state reaction of Au into Ti,SiC, single-crystal thin films with
simultaneous out-diffusion of Si and discuss the formation mecha-
nism. Ti,IrC, is subsequently produced by a substitution reaction of
Ir for Au in Ti;Au,C,. These phases form Ohmic electrical contacts
to SiC and remain stable after 1000 h of ageing at 600 C in air. We
have also demonstrated that the same phenomenon occurs in several
other MAX phases including Ti2AIC and Ti3AIC2. These results, by
combined analytical electron microscopy and ab initio calculations,
open avenues for processing of noble-metal-containing layered
ceramics that have not been synthesized from elemental sources,
along with tunable properties such as stable electrical contacts for
high-temperature power electronics or gas sensors.

9:00 AM

(ICACC-S12-013-2018) Processing and Characterization of
Ti,(Al,_,,Bi,)C Solid Solutions

E. Prehn*; Z. Tan’; T. Duong’; R. Arroyave'; M. Radovic'
1. Texas A&M University, MSEN, USA

Herein we report for the first time on processing and structural
parameters of one of the MAX phase solid solution systems, namely
Ti,(Al,,,Bi,)C. This system is particularly interesting because
(a) Bi has significantly higher atomic radius than Al; and (b) our
previous cluster expansion calculations suggest that those solids
solutions would be stable, regardless of the fact that one of the end
members, namely Ti,BiC does not exist. A series of Ti,(AlBi,,)
C were high-throughput synthesized using Pulsed Electric Current
Sintering (PECS), and the phase composition and structure of the
sintered solid solutions was characterized using Scanning Electron
Microscopy with Energy Dispersion Spectroscopy (EDS) and X-Ray
Diffraction. Results indicate that stable solid solutions with at least
33.3% bismuth on the A-site can be synthesized. Furthermore,
A-site vacancy formation is noticed in samples with higher (= 17%)
bismuth substitution on A site. It was also found that substitution
of Al with Bi results in the significant increase of lattice param-
eter a and only moderate changes in lattice parameter c. Effects of
increasing amount of Bi in Ti2(Al, ,Bi,)C on elastic properties,
hardness, and electrical conductivity are also discussed in detail.
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9:20 AM

(ICACC-S12-014-2018) Synthesis and Characterization of the
Ternary, Nanolaminated Boride: Cr,AlB,

S. Kota*'; W. Wang'; J. Lu’; O. Chaix-Pluchery’ G. Ying'; L. Hultman’;

S. May'; M. Barsoum'

1. Drexel University, Materials Science and Engineering, USA

2. Université Grenoble-Alpes, CNRS, LMGP, France

3. Link6ping University, The Department of Physics, Chemistry and
Biology, Sweden

Cr,AlB, is an atomically laminated compound comprised of Cr,B,
slabs interleaved by single layers of Al and among the small family of
similar layered borides known as the MAB phases. In this work, the
effects of starting composition and synthesis temperature was inves-
tigated to make predominantly single-phase powders. Fundamental
characterization of the structure, bonding, defects and possible
formation mechanisms, was carried out using transmission electron
microscopy and Raman spectroscopy. Magnetization measurements
over 10-350 K are consistent with paramagnetism. The structure
and properties observed are compared to those of the corresponding
chromium monoboride, CrB.

9:40 AM

(ICACC-S12-015-2018) Synthesis and Characterization of Novel
Ni-MAB composites

M. Fuka*'; M. Dey’; S. Gupta'
1. University of North Dakota, Mechanical Engineering, USA

M, AX, (MAX) phases (over 70+ phases), where n =1,2,3; M
is an Early Transitional Metal, A is a Group A element (mostly
groups 13 and 14); and X is C and/or N, are novel nanolaminate
ternary carbides and nitrides, They crystallize in the space group of
P6,/mmc. It is also well known that these solids are bestowed with
excellent properties like damage tolerance, thermal shock resis-
tance and machinability. However these solids do not have a ternary
composition where X = B. Recently, single crystals of Cr,AlB,(CrB,),
(x=0,1,2), M,AIB, (M = Cr, Mn, Fe), and MAIB (M = Mo, W), and
due to their similarity with MAX Phases - these novel ternary solids
are classfied as “MAB-phases”. In this presentation, we will report
the synthesis and characterization of novel structural Ni-MAB
composites. There has been very limited or no studies on these novel
composite systems. .

Novel Applications and Processing Methods for
Synthesizing MAX Phases III

Room: Tomoka B
Session Chairs: Babak Anasori, Drexel University; Leszek Chlubny,
AGH-University of Science and Technology

10:20 AM

(ICACC-S12-017-2018) Probing the local atomic structure in
MAX phases and MXenes using EELS and DFT simulations:
From solid solution effects to surface functionalization (Invited)
V. Mauchamp*'; D. Magné’; M. Nechiche’; P. Chartier'; V. Gauthier';

S. Celerier*; S. Dubois'; T. Cabioch'

Institut PPRIME, Physics and Mechanics of Materials, France

Groupe de physique des Matériaux, France

Université Mouloud Mamerri, Algeria

Institut de Chimie des Milieux et Matériaux de Poitiers, France

[

Electron Energy Loss Spectroscopy (EELS) in the Transmission
Electron Microscope (TEM) is a very powerful nanometer scale
probe of the local order in complex materials. Through the anal-
ysis of core electrons excitations, EELS combined with density
functional theory simulations provide information on the local orga-
nization around the investigated atoms over distances up to about
1 nm: being chemical sensitive and closely related to the electronic
structure of the material, it is very complementary to diffraction
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techniques for materials analysis. In this presentation, I will illustrate
the benefit of combining EELS with DFT simulations for the charac-
terization of MAX phases and MXenes by focusing on two important
issues. First, the characterization of solid solution effects in MAX
phases will be addressed through the example of copper substitution
in Ti,AlC,: particular attention will be paid to the determination of
the substitution sites and corresponding hybridizations. Second, the
surface functionalization of Ti,,,C, T, MXene (T = -O, -OH and -F)
will be discussed with particular emphasis on the determination of
the surface groups localization and their chemical nature. In both
cases, the structural information will be correlated to the electronic
properties (e.g. optical or transport properties) of these materials.

10:50 AM

(ICACC-S12-018-2018) Anisotropic properties of MAX phase
single crystals

T. Ouisse*’; D. Pinek'; I. Gélard'; L. Shi* B. Hackens? T. Ito®; T. Fujita’;
f. Bourdarot®; P. Bourges®; P. Piekarz®

1. Grenoble INP, France

UCLouvain, Belgium

Nagoya University, Japan

CEA, INAC, France

CEA Saclay, LLB, France

Institute of Physics Polish Academy of Sciences, Poland

AN 0

MAX phases combine interesting properties of ceramics and metals.
The common point of these materials is to share a highly anisotropic
crystal structure, which is put to good use to produce a new family of
two-dimensional materials named MXenes. However, until recently,
the main synthesis processes resulted in highly polycrystalline mate-
rials, making difficult a quantitative assessment of the expected
physical anisotropies. High temperature solution growth allows us to
obtain single crystals of macroscopic size. Therefore, we can directly
assess their physical anisotropies. Here we wish to review the results
we obtained so far. They include magneto-transport: We evidence
very high ratios between the in-plane and out-of-plane resistivity
of some compounds. We also use Angle Resolved Photoemission
Spectroscopy to measure the complex Fermi Surfaces (FS) of MAX
phase single crystals, and confirm the quasi 2D character of the
investigated phases (we demonstrate, e.g., that in Cr,AlC both elec-
tron and hole FS’s form bulged open tubes with an axis directed
parallel to ¢). Eventually, single crystals of suitable dimensions (areas
exceeding several cm?) allow us to measure neutron inelastic scat-
tering and to recover the phonon dispersion branches along the
main crystallographic directions.

11:10 AM

(ICACC-S12-019-2018) Synthesis, Characterization, and
Bonding of Ti,SiC, through Spark Plasma Sintering, Additive
Manufacturing, and Cold Spray

E. Faierson*'; V. Ageh’ T. Scharf®

1. Quad City Manufacturing Lab-Western Illinois University, USA
2. University of North Texas, USA

MAX phase materials exhibit unique mechanical, thermal, and elec-
trical properties. Their material properties can be similar to both
that of metals and ceramics in certain circumstances. Ti,SiC, is a
MAX phase material with a low density, high Young’s modulus and
damage tolerance, as well as good machinability. It also retains its
strength at high temperatures, and has been shown to be able to fully
recover from high loading, while dissipating a significant amount of
the loading energy. Within this study, a planetary ball mill was used
to mill titanium, silicon carbide, and carbon powders. The milled
powder was then processed through Spark Plasma Sintering.
Methods of bonding Ti,SiC, to metals and ceramics such as titanium
alloys, boron carbide, and silicon carbide were explored using spark
plasma sintering, additive manufacturing, and cold spray processes.
Xray diffraction was used to perform bulk phase analysis of the
synthesized specimens. Microstructural and mechanical properties
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were evaluated using optical microscopy, SEM/EBSD, densimetry,
hardness, and bend testing.

11:30 AM

(ICACC-S12-020-2018) Design of Novel Ni-Ti,SiC, based
Multilayered Composites

Q. Tran*'; M. Fuka'; M. Dey"; S. Gupta'
1. University of North Dakota, Mechanical Engineering, USA

It is well known that M, AX, (MAX) phases (over 60+ phases)
are thermodynamically stable nanolaminates. They have fasciti-
nating properties like damage tolerance, thermal shock resistance,
machinability, and low Vickers hardness values of 2-8 GPa.,
During mechanical testing, these solids display nonlinear, hyster-
etic, elastic behavior due to kink band formation in the basal planes.
Recently, we showed that lower concentrations of MAX Phases
(< 30 vol%) can also reinforce metal matrix and improve its tribo-
logical behavior. We have coined the term MAX Reinforced Metals
(MRMs) for these composites. In this study, we will explore the
effect of laminate design on the mechanical and tribological behavior
of MRMs by further exploring the Ni-Ti3SiC2 system system as Ni is
a technologically important material.

S13: Advanced Ceramics and Composites for
Nuclear Fission and Fusion Energy

ATF and Radiation Effects

Room: Coquina Salon H

Session Chairs: Yutai Katoh, Oak Ridge National Laboratory;
Peng Xu, Westinghouse Electric Company

8:30 AM
(ICACC-S13-011-2018) Improving the accident-tolerance

of Zircaloy cladding by integrated gradient ceramic coatings
(Invited)

J. Zhang*'; Y. Lei'; L. Chen'; J. Wang'

1. Institute of Metal Research, Chinese Academy of Sciences, High-
performance Ceramics, China

The development of accident-tolerant fuel/clad system during Loss-
of-coolant accident (LOCA) has been considered as challenges
of light water reactors (LWR) after the Fukushima Dai-ichi acci-
dent. To enhance the accident-tolerance of the nuclear system, one
strategy is modification of Zircaloy cladding surface with advanced
ceramic coatings. MAX phases display a high resistance to oxida-
tion and ion irradiation from which a promising coating materials.
Integrated gradient MAX coatings with optimal irradiation resis-
tance, steam oxidation resistance as well as CTE match were
synthesized by PVD method with temperature friendly to Zircaloy
cladding. The mechanical and chemical compatibility between inte-
grated coating and substrate in the as-deposited state as well as under
LOCA scenario were investigated. Finally, the HT steam oxidation
tests were performed to evaluate the feasibility of integrated ceramic
coatings in accident-tolerant fuel/clad system.

9:00 AM

(ICACC-S13-012-2018) Evaluation of seal-coated SiC ceramics
and composites after neutron irradiation at LWR-relevant
temperatures

C. Ang*'; Y. Katoh'; T. Koyanagi'; K. Linton'; K. Terrani'; D. Carpenter?;
G. Kohse’; L. Snead’

1. Oak Ridge National Laboratory, USA

2. Massachusetts Institute of Technology, USA

The radiolytically assisted hydrothermal corrosion and the prob-
abilistic compromise of fission product gas containment are the
most critical technical feasibility issues for silicon carbide (SiC)

*Denotes Presenter

composite-based cladding as the enhanced accident tolerance fuel
technology for light water reactors (LWRs). Dual-purpose coating,
that provides both the corrosion barrier and the hermetic seal
functions, is among the leading mitigation technologies for such
issues. In the present work, a variety of developmental dual-pur-
pose coatings applied SiC ceramic and composite test articles
were examined following neutron irradiation in the MIT Reactor
at the LWR-relevant temperatures. Results are reported with the
main focus on structural integrity due to the differential irradia-
tion strain between the coating materials and the SiC substrate.
This research was sponsored by the Advanced Fuels Campaign,
Nuclear Technology Research and Development Program, Office of
Nuclear Energy, United States Department of Energy under contract
DE-AC05-000R22725 with UT-Battelle, LLC.

9:20 AM

(ICACC-S13-013-2018) Non-Destructive Evaluation of Sealed
SiC-SiC Composite Cladding Structures using X-Ray Computed
Tomography, Helium Pycnometry and Permeability Testing

J. Sheeder*'; G. Jacobsen'; H. Khalifa'; C. P. Shih'; E. Song'; C. Deck'
1. General Atomics, USA

As advancements are made in the fabrication of silicon carbide fiber
reinforced silicon carbide matrix (SiC-SiC) composites toward the
production of accident tolerant fuel rods, non-destructive evalu-
ation methods must be used as a quality control method to verify
that cladding samples meet demanding dimensional and permea-
bility specifications. This work describes the characterization of the
composite structure and endplug seal of SiC-SiC rodlets using X-Ray
Computed Tomography (X-Ray CT), helium pycnometry and
permeability testing. The samples have been sealed with an internal
helium back pressure similar to what would be required for fuel rods
going into a light water reactor. The ultimate goal of this effort is
to validate the fabrication methods used in making sealed SiC-SiC
parts and to show that sealed composite samples can be produced
consistently. The combined information from the three measure-
ment techniques provide assurance that the SiC-SiC composite
cladding samples are impermeable and suitable for reactor insertion.
*This work is supported by General Atomics internal funding and
US DOE under contract number DE-NE0008222.

9:40 AM

(ICACC-S13-014-2018) Performance of silicon carbide plasma
facing coatings under fusion conditions in DIII-D*

S. Gonderman*'; H. Khalifa'; G. Vasudevamurthy'; J. Zhang'; T. Abrams';
S. Bringuier'; D. Thomas'; L. Holland'; D. Rudakov’; A. Briesemeister’

1. General Atomics, USA
2. UCSD, USA
3. Oak Ridge National Lab, USA

Silicon carbide (SiC) has garnered interest as a material for fusion
energy due to its excellent mechanical properties both at high
temperature and under neutron irradiation. To further investigate
the response of SiC as a plasma facing component (PFC), chem-
ical vapor deposition SiC coatings (~270 um) have been applied to
graphite samples which were then exposed in the DIII-D tokamak
via the DiMES system, a removable sample exposure probe. These
SiC coatings were exposed to plasma bombardment with steady-
state heat fluxes up to 3 MW m™ and transient loads typically
peaking at ~10 MW m™. Spectral analysis of the Si impurity influx
was monitored to quantify erosion rates of the SiC coating using the
S/XB method. This was compared to pre and post exposure, x-ray
computed tomography imaging of the DIMES sample and correlated
with erosion measurements of the surface. Additional SEM imaging
showed pronounced features at locations of initial coating imperfec-
tions indicating a correlation between coating quality and surface
response. SEM analysis indicated some cracking was present on the
SiC surface but these cracks did not widen or elongate due to plasma
bombardment. *Preparation and analysis of the samples supported
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by General Atomics Corporate Funds, testing in the DIII-D
Tokamak supported by US DOE under DE-FC02-04ER54698.

10:20 AM

(ICACC-S13-015-2018) Status Update on Westinghouse
EnCore™ SiC/SiC Composite Cladding Development (Invited)

P. Xu*; E. ]. Lahoda'; F. Boylan'; R. L. Oelrich'
1. Westinghouse Electric Company, USA

SiC/SiC composite cladding is a game-changing accident tolerant
fuel (ATF) technology and a key component of Westinghouse’s new
EnCore™ fuel. The lead test assembly (LTA) for EnCore™ SiC/
SiC composite cladding is planned for 2021. To meet this aggres-
sive schedule, significant progress was made to advance the SiC
technology, and various developmental activities will be reported
here. The water corrosion resistance was improved to meet the
hermeticity and coolant chemistry requirements. Various explor-
atory tests were conducted to understand the effect of surface
roughness on corrosion, rod loading, grid-to-rod fretting, pressure
drop and heat transfer. Four point bend tests and grid impact tests
are being performed to evaluate the response of SiC cladding to
seismic loads and hermeticity retention. The SiC tubing specification
is being finalized. Test reactor irradiation tests at the MIT reactor,
the Advanced Test Reactor (ATR) and the Halden Reactor have been
planned. Previous MIT reactor test results will be discussed.

10:50 AM

(ICACC-S13-016-2018) Thermal Hydraulic and Neutronic

Analysis of a SiC/SiC Channel Box (Invited)

J. Gorton'; N. R. Brown*’; G. Singh’ K. Terrani’ Y. Katoh’ B. Wirth’

1. Pennsylvania State University, Mechanical and Nuclear Engineering,
USA

2. Oak Ridge National Laboratory, USA
3. University of Tennessee, Nuclear Engineering, USA

Silicon carbide fiber/silicon carbide matrix (SiC/SiC) composite
channel boxes are being considered as a potential component in
a boiling water reactor (BWR). Temperature and neutron flux
boundary conditions have been generated for planned 3D ther-
mo-mechanical analysis of a SiC/SiC based channel box in a BWR.
Under differential temperature and irradiation, SiC-based materials
swell based on the local conditions, so the objective is to use some
simplified boundary conditions to predict the dimensional change of
a channel box during a typical reactor cycle. The goal of this model
is to accurately calculate thermal and neutronic boundary conditions
for the surface temperature and flux of a silicon carbide fuel bundle
channel box in a GE14-like BWR lattice. Reasonable inputs from a
variety of sources in the open literature were used to assembly GE14-
like data. The Consortium for Advanced Simulation of Light Water
Reactors thermal hydraulic analysis tool CTF and the neutronics tool
Serpent were used to generate the boundary conditions. The sensi-
tivity to direct energy deposition from neutrons and gamma rays in
the coolant and the channel box was also investigated.

11:20 AM

(ICACC-S13-017-2018) Thermo-mechanical Parametric
Evaluation of SiC/SiC Cladding with Fuel Creep

G. Singh*'; R. Sweet’; B. Wirth? K. Terrani’; Y. Katoh'

1. Oak Ridge National Lab, USA
2. University of Tennessee, Department of Nuclear Engineering, USA

SiC/SiC cladding is one of the leading concepts being considered for
the accident tolerant fuel-cladding systems. Currently there is not
good understanding of the creep behavior of UO2 fuel. A thermo-
mechanical analysis of the cladding was performed to evaluate the
effect of fuel creep on the stresses, temperature distribution and
displacements of the SiC/SiC cladding. Other important parameters
such as linear heat rate and initial fuel pellet-cladding gap thickness
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were also considered in the analysis. State of the art properties of
SiC/SiC composite were employed to accurately determine the ther-
mo-mechanical behavior of the cladding.

11:40 AM

(ICACC-S13-018-2018) Fabrication and Performance of
Engineered SiC-SiC Accident Tolerant Fuel Cladding

C. Deck*'; H. Khalifa'; G. Jacobsen'; J. Sheeder’; J. Zhang'; C. Bacalski';
G. Vasudevamurthy'; C. P. Shih'; S. Oswald'; K. Shapovalov'; E. Song';
J. Stone’; R. Haefelfinger'; R. Jacko® C. A. Back'

1. General Atomics, USA
2. Westinghouse Electric Company LLC, USA

High purity silicon carbide (SiC) and SiC fiber reinforced, SiC-SiC
composites offer high temperature strength and exhibit stable
behavior under neutron irradiation, with minimal dimensional and
mechanical property changes under reactor-relevant conditions.
General Atomics has developed a multi-layered engineered cladding
design which couples the advantages of monolithic SiC with SiC-SiC
composite to offer a combination of toughness, hermeticity, and
enhanced performance in accident conditions. Fabrication of clad-
ding to meet demanding dimensional, uniformity, and structural
requirements is essential, and manufacturability was demonstrated
through repeatable production of sealed and open ended tubes
in batches with high yield. Behavior of this multi-layered cladding
structure was quantified through mechanical and thermal character-
ization, and performance was assessed by measuring permeability,
corrosion, and the response to simulated severe accident conditions.
To further demonstrate this accident tolerant fuel, rodlets were
fabricated consisting of SiC-SiC engineered composite cladding with
uranium silicide fuel pellets hermetically sealed inside. These will be
irradiated in the Advanced Test Reactor at INL, and the differences
between the anticipated irradiation conditions for this test and those
conditions expected for normal operation in a pressurized water
reactor will be discussed.

S14: Crystalline Materials for Electrical,
Optical and Medical Applications

Semiconductor

Room: Tomoka C

Session Chairs: Yoshihiko Imanaka, Fujitsu Laboratories Ltd.;
Rafael Jaramillo, Massachusetts Institute of Technology

8:30 AM

(ICACC-514-009-2018) Development of Perovskite Solar Cells
Inspired by Ceramic Processing (Invited)

Y. Suzuki*!
1. University of Tsukuba, Faculty of Pure and Applied Sciences, Japan

Perovskite solar cells (PSCs) were first reported by Kojima et al. with
a power conversion efficiency (PCE) of 3.81% in 2009. Recently,
the PCE of PSCs has been much improved to 22.1%, and thus PSCs
are focused all over the world. There exists some problems of PSCs,
e.g. (1) expensive organic hole transportation material, (2) lead (Pb)
in the active layer, and (3) insufficient reactions between starting
materials. Here we introduce our recent development of PSCs to
solve these problems: (1) An organic material, (spiro-OMeTAD),
is generally used as a hole conductor, but spiro-OMeTAD is
much more expensive than other materials used in PSCs. We have
prepared PSCs with a cost-effective Cul hole transport layer by spin
coating. The Cul-based PSC recorded PCE of 6.52% (max) after the
20 days. (2) Methylammonium bismuth iodide, (CH,NH,),Bi,1,,
is a promising lead-free perovskite active layer. By using gas-as-
sisted deposition method, we have successfully prepared dense and
smooth (CH,NH,;),Bi,I, active layer. (3) A new 3-step method for
the active layer has been developed, based on the 2-step method
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with an additional spin-coating of CH,NH;(I,Br) solution on the
CH,NH,PbI, film to scavenge remnant Pbl,. The 3-step method
improved light absorption of the film by converting the residual PbI,
into CH,NH;Pbl,_Br,. The PCE was improved from 12.9 % (2-step)
to 14.4 % (3-step).

9:00 AM

(ICACC-S14-010-2018) Plasmon sensitized silicon nanowires/
titanium dioxide bulk heterojunction solar cells

D. Banerjee*'; ]. Benavides'; S. G. Cloutier'
1. Ecole de technologie supérieure (ETS), Electrical Engineering, Canada

Vertically aligned silicon nanowires are potential candidates for
low-cost solar cells since past decade. Silver plasmon sensitized free
standing n-type silicon nanowires and titanium dioxide heterojunc-
tion is reported. The optical properties of the heterostructure are
significantly influenced by the surface plasmons of silver nanopar-
ticles. A promising light trapping mechanism for these plasmon
sensitized nanowires are discussed.

9:20 AM

(ICACC-S14-011-2018) Processing of particulate photocatalysts

into sheets for efficient and scalable sunlight-driven water

splitting (Invited)

T. Hisatomi*'; K. Domen'

1. The University of Tokyo, Department of Chemical System Engineering,
Japan

Sunlight-driven water splitting employing particulate semicon-
ductor photocatalysts has attracted much attention as a means of
renewable solar hydrogen production. A solar-to-hydrogen energy
conversion efficiency (STH) of 5% or higher is considered to be
necessary for practical photocatalytic solar hydrogen production. It
is therefore necessary to activate and stabilize visible-light-driven
photocatalysts. Scalability of the system is also a critical issue. Water
splitting systems based on particulate photocatalysts are promising
in terms of scalability because they do not need any secure electric
circuits and thus can be spread over a wide area easily. The author’s
group has recently studied photocatalyst sheets based on particulate
hydrogen evolution photocatalysts (HEPs) and oxygen evolution
photocatalysts (OEPs) embedded into a conductive layer by particle
transfer. The STH of water splitting exceeds 1.1% when photocata-
lyst sheets composed of La- and Rh-codoped SrTiO, as a HEP and
Mo-doped BiVO, as an OEP embedded into a gold thin layer are
employed. The water-splitting activity of the photocatalyst sheet
based on a gold conductor decreases with increasing the reaction
pressure owing to the oxygen reduction reaction. However, the use
of carbon as a conductive layer allows the photocatalyst sheet to
maintain the water splitting activity at ambient pressure.

10:10 AM

(ICACC-S14-012-2018) Artificial photosynthesis anode
composed of nano particulate photocatalyst film using
nanoparticle deposition (Invited)

Y. Imanaka*!; T. Manabe'; H. Amada'; T. Anazawa'

1. Fujitsu Laboratories Ltd., Japan

Artificial photosynthesis technology known as Honda-Fujishima
effect which produces oxygen and hydrogen or organic energy from
sunlight, water, and carbon dioxide, is an ultimate energy and envi-
ronmental technology. The key device for the higher efficiency of
this reaction system is the anode electrode, generally composed of a
photocatalyst formed on glass substrate with an electrically conduc-
tive Fluorine doped Tin Oxide (FTO). To obtain the highly efficient
electrode, the dense film composed of nano particulate visible
light responsible photocatalyst having usually complicated multi-
elements composition need to be deposited and adhered on the
FTO. In this study, we discovered a method capable of controlling
electronic structures of a film by controlling the aerosol-type nano

*Denotes Presenter

particle deposition (NPD) condition and thereby forming films
of materials with a smaller band gap than prepared raw material
powder, and succeeded in extracting a higher current from the
anode electrode. As a result, we confirmed that a current approxi-
mately 100 times larger than currents produced by conventional
processes could be obtained using the same material. This effect can
be expected not only from the materials discussed (GaN-ZnO) in
this paper but also from any photocatalyst, particularly materials of
solid solution compositions.

10:40 AM

(ICACC-S14-013-2018) Importance of thermal processing
and defect engineering on the doped TiO, photocatalyst:
Combination of DFT calculations and experiments

H. Choi*!
1. Virtual Lab Inc., Republic of Korea

Inspite of a huge number of reports on the excellent photocatalytic
activities of doped TiO, particle, such superior photocatalyst prod-
ucts have been hardly commercialized. One of the most important
reason for the retarded mass-productions and commercializations
of the materials is the significantly varying properties and perfor-
mances, depending on the thermal processing conditions. It is
necessary to find the origins of fluctuating optical properties and
photocatalytic activities of doped TiO, particles. Mostly, the large
variations in the optical properties of wide band gap oxides are from
the formations of point defects, which can induce in-gap levels.
Therefore, it is important to obtain the defect formation energies
and understand role of each defects on the optical and photochem-
ical properties. However, it is impossible to find the dominant
point defects within doped oxides due to the limitation of existing
measurement technology. Density functional theory (DFT) calcu-
lations with hybrid functionals have been successfully employed to
calculate accurate point defect formation energies and their effects
on the electronic structures. In this talk, we introduce some of our
recent works: DFT-guided defect engineering toward strong photo-
catalysis of TiO, photocatalyst particle.

11:00 AM

(ICACC-S14-014-2018) Persistent photoconductivity due to hole-
hole correlation in sulfide semiconductors, with applications to
neuromorphic computing and chemical sensors (Invited)

R. Jaramillo*'
1. Massachusetts Institute of Technology, USA

Persistent photoconductivity (PPC) is due to the trapping of
minority carriers at defects. PPC in chalcogenide semiconductors is
relevant to the operation of technologies including flame detectors
and thin film solar cells. Theory has suggested that anion vacancies
are responsible for PPC due to negative-U behavior, whereby two
minority carriers become trapped by a lattice relaxation. We provide
experimental support for this model of PPC in CdS. We can vary
the photoconductivity of CdS films over nine orders of magnitude
by controlling the activities of Cd** and $* ions during chemical
bath deposition. We suggest a screening method to identify other
materials with long-lived, metastable states based on the results of
ground-state calculations of atomic rearrangements following defect
redox reactions. We demonstrate that this control approach can be
extended to other chalcogenide semiconductors, and we discuss
results that speak to the usefulness of this control in two classes of
technology: neuromorphic computing and chemical sensing. PPC
can enable artificial synaptic behavior by using optical transitions
to excite and inhibit synaptic weights. PPC can also enable a type
of chemical sensor in which giant photoconductivity is modified by
oxidation-reduction reactions with adjacent chemical analytes.
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11:30 AM

(ICACC-S14-015-2018) GaN based Hydrogen Sensor for High
Temperature and Humid Ambient Sensing

S. Jung’; H. Kim’; K. Baik'; F. Ren’; S. Pearton’; S. Jang*’
1. Hongik University, Republic of Korea

2. University of Florida, USA

3. Dankook University, Republic of Korea

GaN based materials including AlGaN is well-suited to hydrogen
sensing due to its wide bandgap and low intrinsic carrier concentra-
tion for high temperature operation, and mechanical and chemical
robustness for device reliability. Among the many types of devices
based on the GaN, AlGaN/GaN high electron mobility transistor
(HEMT) structure with a 2 dimensional electron gas (2DEG)
channel induced by piezoelectric and spontaneous polarization at
AlGaN/GaN interface shows high sensitivity to change in surface
charge created by catalytic reaction of Pt with hydrogen. For the
Pt-AlGaN/GaN heterostructure Schottky diode, hydrogen mole-
cules dissociate to atomic form on the Pt surface, which leads to
an adsorbed dipole layer at the Pt/AlGaN interface. As a result, the
Schottky barrier height of the diode is reduced, increasing a diode
current with the concentration of the exposed hydrogen gas. One
of issues with semiconductor based hydrogen sensors is that their
sensitivity is significantly degraded in humid ambient. Water mole-
cules block the catalytically active sites of the Pt, resulting in the
significant reduction in detection signal. In this study, we demon-
strate that the water-blocking layer effectively prevents the sensor
from any reduction in hydrogen detection current in the presence
of moisture and that the devices show excellent the hydrogen sensi-
tivity up to 300°C without any change in characteristics.

S15: Additive Manufacturing and 3-D
Printing Technologies

Selective Laser Sintering

Room: Coquina Salon B

Session Chair: Jens Guenster, BAM Federal Institute for Materials
Research and Testing

9:00 AM

(ICACC-S15-010-2018) Laser Shock Processing of Structural
Ceramics

B. Cui*'; F. Wang'; X. Yan’; S. Sun’ L. Deng’ Y. Lu’; M. Nastasi'

1. University of Nebraska, Lincoln, Mechanical & Materials
Engineering, USA

2. University of Nebraska, Lincoln, Department of Electrical
Engineering, USA

Laser shock processing (LSP) is a novel surface modification process
which is traditionally applied to metals to prevent failures such as
fatigue. This research has applied LSP to structural ceramics such as
Al O, and Ti,AlC, and aims to understand the fundamental process-
ing-microstructure-property relationship of structural ceramics in
this process. LSP utilizes high-energy laser pulses to irradiate ceramic
surface to form a plasma. The explosive expansion of the plasma
generates shock waves which penetrate into the bulk ceramic and
induce significant compressive residual stresses which can extend to
a depth of more than 1 mm from the surface of ceramics. The pres-
ence of compressive residual stresses improves the resistance of
alumina ceramics to indentation cracking. Microstructural charac-
terizations by transmission electron microscopy suggested that the
mechanical response of alumina ceramics to LSP is that elastic defor-
mation occurs in alumina grains while plastic deformation along
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grain boundaries. During LSP of ceramics at room temperature,
microcracks may be induced by laser-driven shock waves, which
will limit the further improvement of mechanical properties by LSP.
Our recent research shows that by performing post-LSP annealing of
a-AlO; ceramics, cracking healing may occur during the annealing
process which can eliminate the surface flaws caused by LSP.

9:20 AM

(ICACC-S15-011-2018) Additive manufacturing of a metal to
ceramic assembly

L. Ferrage*'; G. Bertrand'; P. Lenormand'
1. CIRIMAT, France

Selective laser sintering/melting (SLS/M) is the additive manufac-
turing technology chosen in the present work to elaborate a metal
to ceramic assembly. If this process is currently well mastered for
the production of metallic parts, the shaping of ceramic materials by
means of direct SLS (without the use of a binder material) is more
challenging. Indeed, most of the commercial SLS machines are
equipped with a Nd:YAG laser emitting at A=1.065 wm, which is a
wavelength almost fully reflected by oxide ceramics. The first step
of this experimental work was to optimize both the optical prop-
erties of the raw powder and the process parameters in order to
successfully fabricate dense ceramic parts (tests were conducted on
yttria stabilized zirconia). The second step consisted in the additive
manufacturing of a bi-material part designed as a simple stacking
of a metal (here aluminum) and a ceramic. It was found that an
adequate combination of parameters permitted to shape yttria stabi-
lized zirconia parts with a relative density of 96 %, with no need for
thermal post-treatment. Experiments also demonstrated that it was
possible to manufacture a metal to ceramic assembly. Its structure,
microstructure and chemical composition were characterized and an
emphasis was put on their evolution at the interface. A study of the
mechanical properties provides additional insight on this assembly.

9:40 AM

(ICACC-S15-012-2018) Stereolithographic Additive
Manufacturing of Ceramic Objects with Geometric Fluctuation to
Control Fluid Phenomena

H. Nozaki*; S. Kirihara'
1. Osaka University, Technology, Japan

Structural patterns in nature, for example angularities of quay walls
or wind ripples formed by intermittent stimulations of water or air,
have fluctuated vibrations of geometric profiles. Through Fourier
transformation for the fluctuated vibrations, functional profiles of
Power Spectral Density (PSD) adjusting the amplitudes toward the
frequencies show inverse proportions defined as 1/F fluctuations.
Through inverse Fourier transformation, fluctuated patterns can be
introduced effectively into surfaces of designed solid models auto-
matically. Geometrically modulated artifacts composed of alumina
were reproduced by stereolithographic additive manufacturing.
The ceramic particles were dispersed into photosensitive resin at
40 - 60 vol. % to create paste material. An ultra violet laser beam
was scanned on the paste material spread by a knife edge to solidify
a two dimensional cross section. Through the layer laminations,
a three dimensional object with fluctuated patterns was fabricated.
These created objects should be applied to fluid flows modulations
of liquid or gas phases in the waterways or air duct. Furthermore,
fluctuated patterns should be applied to control electric waves by
structure properties in future.
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Powder Bed Fusion
Room: Coquina Salon B
Session Chair: Bai Cui, University of Nebraska, Lincoln

10:20 AM

(ICACC-S15-013-2018) Powder-based Additive Manufacturing at
Micro-Gravity (Invited)

J. Guenster*’; A. Zocca’; P. Lima’; J. Liichtenborg’; T. Miihler';
M. Sparrenberg’; J. Melcher®

1. Clausthal University of Technology, Germany

2. Deutsches Zentrum fiir Luft- und Raumfahrt (DLR) - German Aerospace
Center, Germany

3. Bundesanstalt fiir Materialforschung und -priifung (BAM) - Federal
Institute for Materials Research and Testing, Germany

Many of the most successful and precise additive manufacturing
technologies are based on the deposition layer-by-layer of a flowable
powder. Just to cite the most well-known technologies, the “powder-
based three-dimensional printing” and the “selective laser sintering
(SLS)” or “selective laser melting (SLM)” processes all share the
same layer deposition method: A flowable powder is spread layer by
layer, while the layer information of the part is scribed or printed
after each consecutive layer deposition step. Besides outstanding
improvements in the development of new technologies and new
material systems, little progress has been made on the stabilization
and densification of the deposited powder, the so called powder bed.
Generally, layer deposition requires gravitational forces acting on
each particle as a prerequisite for compaction of the particles and
formation of a smooth layer. We have introduced an additional force
acting on the particles by establishing a gas flow though the powder
bed. The presentation will introduce the gas flow assisted powder
deposition as a novel, easy and economic approach for the stabiliza-
tion of powder beds, which allows the printing of parts without the
use of support structures and at micro-gravity.

10:50 AM

(ICACC-S15-014-2018) Progress towards direct additive
manufacturing of ceramics using laser beam melting

F. Petit*'; E. Juste'
1. Belgian Ceramic Research Centre, Belgium

For polymers and metals, additive manufacturing (AM) methods,
i.e. layer-wise assembling of components from CAD data, are
already well established and used for manifold applications. On
the contrary, for ceramics, AM is still far from industrial maturity.
Nevertheless it is gaining more and more importance, especially by
the opportunities given in terms of designing extremely complex
geometries and thanks to its tool-free shaping methodology.
Processing of ceramics through additive manufacturing can be
achieved by two main approaches: an indirect and a direct one.
The indirect approach requires a post-thermal treatment to obtain
a dense part. On the contrary, the direct approach allows to manu-
facture near net shape parts without post-treatments but highly
suffers from the difficulty to get defect-free parts. In this lecture,
some recent advances made towards obtaining ceramics parts using
selective laser melting are reviewed. Emphasis is put on alumina
and alumina/zirconia composites for which results are the most
promising. It is shown that adding colloidal graphite to the ceramic
powders improves significantly their processability with conven-
tional LBM machines. The dramatic influence of layer thickness on
the part density is demonstrated as well, pointing towards a more
efficient route for spreading the powder than conventional wipers or
rollers in powder-bed AM.

*Denotes Presenter

11:10 AM

(ICACC-S15-015-2018) 3D Printing of Ceramics: Disruptive
innovation in materials and processes

R. Lenk*'
1. CeramTec GmbH, Germany

Digitalization offers new possibilities for product innovation due
to new materials and processes which are available. The paper
describes the history of additive manufacturing in the field of tech-
nical ceramics. Starting with last century a wide variety of concepts
and processes was developed, whereas only few of them could be
commerzialized in the past. Advantages and limitations of different
manufacturing concepts are discussed. Both material properties
and process capability are in focus of development. Deep material
know how, technological reliability and an effective process control
will be the guarantee for the long-term success in this new field of
technology. In the paper recent results in material and process devel-
opment based on 3D Printing from powder bed as well as from
photosensitive suspensions are highlighted.

11:30 AM

(ICACC-S15-016-2018) Additive manufacturing of dense
ceramics with Laser Induced Slip Casting (LIS)

J. Liichtenborg*’; T. Miihler’; A. Zocca'; J. Guenster!

1. BAM Federal Institute for Materials Research and Testing, Ceramic
Processing and Biomaterials, Germany

2. Clausthal University of Technology, Institute of Non-Metallic Materials,
Germany

The possibility to produce dense monolithic ceramic parts with
additive manufacturing is at the moment restricted to small parts
with low wall thickness. Up to now, the additive manufacturing of
voluminous ceramic parts is realized by powder bed based processes
which, however, generate parts with residual porosity. Via infiltra-
tion these parts can be processed to dense parts like for example
SiC but this is not possible for all ceramics like for example Si3N4.
There is a lack of methods for the additive manufacturing of dense
voluminous parts for most ceramics. We have developed a new addi-
tive manufacturing technology, the Laser Induced Slip casting (LIS),
based on the layerwise deposition of slurries and their local drying by
laser radiation. Laser Induced Slip casting generates ceramic green
bodies which can be sintered to dense ceramic components like
traditional formed ceramic powder compacts. We will introduce the
LIS technology, green bodies and sintered parts will be shown and
their microstructure and mechanical properties will be discussed.

S17: Advanced Ceramic Materials and
Processing for Photonics and Energy

Photovoltaics

Room: Halifax A/B

Session Chairs: Mauro Epifani, CNR-IMM; Scott Misture, Alfred
University

8:30 AM

(ICACC-S17-008-2018) Silver nanoaggregates and rare-earth-
ions in glasses and glass-ceramics for solar cell applications
(Invited)

F. Enrichi*!

1. Lule& University of Technology (Sweden) and Centro Studi e Ricerche E.
Fermi (Italy), Sweden

The frequency-conversion properties of rare earth (RE*") ions
may be used to enhance the efficiency of solar cells, converting
poorly absorbed regions of the solar spectrum into the frequen-
cies of maximum absorption of the cell. In this presentation, we
report the study of rare-earth-doped downconverting glasses and

42nd International Conference & Exposition on Advanced Ceramics & Composites 65



Abstracts

glass-ceramics prepared by sol-gel synthesis and dip-coating deposi-
tion. In particular, Tb-Yb codoped silica-hafnia films with different
RE’* concentrations were investigated, showing the possibility to
obtain energy-transfer efficiencies close to the maximum theoretical
limit. Moreover, Ag-exchanged Tb-Yb codoped silica-zirconia films
were obtained by ion-exchange in a molten salt bath and subse-
quent annealing in air, to induce the migration and aggregation of
the metal. The interaction between Ag nanoaggregates and RE*"
ions was studied and the sensitizing effect on spectral absorption
widening and efficiency increasing is presented. Results of structural,
compositional and optical characterization are given on the studied
systems, providing evidence for UV-Vis to NIR downconversion
and discussing perspectives for potential applications to increase the
efficiency of Si-based PV solar cells.

9:00 AM

(ICACC-S17-009-2018) Chalcogen Polymers for Completely
Solution-Processed Inorganic Photovoltaics (Invited)

C. Luscombe*!
1. University of Washington, Materials Science and Engineering, USA

Chalcopyrite materials such as CulnSxSe2-x (CISSe), the gallium
alloy variant CulnxGal-xSySe2-y (CIGSSe), and the earth-abun-
dant kesterite material Cu2ZnSnSxSe4-x (CZTSSe) possess a range
of properties that are ideally suited for thin-film photovoltaics (PV)
applications. Although these materials are beginning to see some
commercial success, they are manufactured using complicated and
expensive techniques such as high temperature processing, vacuum
deposition methods, and vapor-phase reactions. This work focuses
on developing novel chalcogen polymers to synthesize nanoparticles
and produce thin-films for printed photovoltaics applications. This
new method provides a pathway towards using chalcogen copoly-
mers to produce these materials via a completely solution-processed,
low-temperature fabrication procedure. If successful, this technique
would constitute the first viable means to produce low-bandgap
chalcogenides without additional vapor-phase or high-temperature
reactions.

9:30 AM

(ICACC-S17-010-2018) Semiconducting metal oxides:
Engineering nanostructures for energy related applications
(Invited)

1. Concina*'

1. Luled Tekniska Universitet, Sweden

Modulation of physical, chemical and opto-electronic features in
nanostructured materials can be achieved by proper material design,
i.e. by tuning size range, size dispersion, shape and bulk or surface
chemistry. In this frame, semiconducting metal oxides (MOx) are
excellent candidates as a multi-functional and versatile platform,
whose features are enhanced/modified by material aspect engi-
neering. In this lecture we will present some strategies that may be
applied to the fabrication of nanostructured semiconducting MOx
to be exploited in solar energy conversion applications, such as solar
cells, water splitting and photocatalysis. The following cases will
be discussed: 1) electrodes for excitonic solar cells, made by hybrid
structures composed by: i) graphene sheets and TiO, nanoparticles,
iii) layered architectures ZnO@SnO,; 2) enhanced photocatalytic
activity by modulation of materials aspect (ZnO); 3) promoting the
oxygen evolution reaction by engineering a hematite-based photo-
electrode. Particular emphasis will be given on a materials by design
approach, highlighting the relevant potential to provide access to
efficient functional materials. Attention will also be paid to simple,
vacuum-free and green synthetic strategies in the big picture of
working to comply with the parameters of so-called green chem-
istry, which appear particularly relevant in the field of solar energy
exploitation.
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10:20 AM

(ICACC-S17-015-2018) Integration of Freestanding Two-

dimensional Transition Metal Dichalcogenides (Invited)

H. Jeong'; A. Gokarna'; M. Hye’; S. Yun’; G. Han’; M. Jeong? Y. Lee’

G. J. Lerondel*!

1. University of Technology of Troyes, Laboratoire de Nanotechnologie et
Instrumentation Optique, Institut Charles Delaunay, CNRS UMR 6821,
France

2. SungKyunKwan University, Department of Energy Science, Republic of
Korea

Atomically thin semiconductors consisting of transition metals
covalently bonded to chalcogens i.e. 2D transition metal dichal-
cogenides (TMDs), are the focus of extensive research due to their
remarkable intrinsic properties such as light emission and absorp-
tion. Such properties can nevertheless strongly be altered once the
atomically thin layer is deposited on a support. We report here on
the integration of freestanding TMDs based on the new limited
contact concept. Monolayer (1-L) MoS,, WS,, and WSe, as represen-
tative TMDs have been transferred on ZnO nanorods (NRs), used
here as nanostructured substrates. The photoluminescence (PL)
spectra of the 1-L TMDs on NRs is largely enhanced (x 100) as to
compare with the one of TMDs on SiO,. The strong increases in
Raman and PL intensities, along with the characteristic peak shifts,
confirm the absence of stress in the TMDs on NRs. In depth PL anal-
ysis also reveals that the ratio between the exciton and trion peak
intensity is almost not modified after transfer confirming that charge
transfer is here negligible. Furthermore, confocal PL and Raman
microscopy reveal a fairly consistent distribution of PL and Raman
intensities. These observations confirm that the physical contact
between the 1L-TMD and the support is negligeable. Perspectives
include efficient ultrathin optoelectronics with direct application in
photovoltaics and solid state lighting.

10:50 AM

(ICACC-S17-012-2018) Halide/oxide perovskites for efficient
hybrid optoelectronic devices (Invited)

R. Nechache*'
1. Ecole de technologie Superieure, Electrical Engineering, Canada

Since the discovery of the bulk photovoltaic effect in ferroelectrics,
there has been a growing interest in perovskite (PE) materials for
energy related applications, including PV and water splitting. In
such materials, the spontaneous polarization-induced electric field
promotes the required separation of photo-excited carriers and
allows photovoltages higher than their bandgap, which lead to effi-
ciencies that can exceed the maximum possible in a semiconductor
p-n junction solar cells. Among these materials, Bi,FeCrOy is highly
promising because it exhibits a conversion efficiency of about 8.1%
under 1 Sun in thin film form. Other perovskites can be hybrid,
if the cation A is replaced with an organic radical. This is the case
for halide PE compounds (CH,NH,PbX), with X=Br, Cl, I, found
recently to possess excellent light absorption in the VIS-NIR spec-
trum. The use of these materials in solar cells had led to a rapid
increased of the photovoltaic conversion efficiency in the last year
exceeding 22 %. Our study deals with the major challenges related
with the implementation of functional PE oxides in organometallic
PE based optoelectronic devices. The optimization of the properties
of such hybrid systems and the performance of their related devices
will be also discussed.
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11:20 AM

(ICACC-S17-013-2018) Mesoporous Germanium for High-
Efficiency Photovoltaic Cells (Invited)

C. Valdivia*'; M. N. Beattie’; Y. A. Bioud%; D. G. Hobson?; A. Boucherif’;
D. Drouin’ R. Ares? K. Hinzer'

1. University of Ottawa, School of Electrical Engineering and Computer
Science (EECS), Canada

2. Université de Sherbrooke, Institut interdisciplinaire d’innovation
technologique (3IT), Canada

3. University of Ottawa, Dept. of Physics, Canada

Germanium wafers were nanostructured via electrochemical
etching, synthesizing a high density of randomly nanostructured
vertical columnar crystallites of up to several microns in height. We
have demonstrated that the electrical resistivity of these mesoporous
Ge layers can be widely tuned by thermal annealing, ranging over
30-1700 Qecm. As-prepared mesoporous Ge with 70% porosity
and crystallites of 4-10 nm in size has a resistivity of ~1100 Qecm,
which is 10° times larger than the substrate. While low tempera-
ture annealing (<400°C) resulted in further resistivity increases,
higher temperatures induced a significant morphological transition
resulting in interconnecting granular crystallites of increasing size.
This transition was accompanied by a 100-fold decrease in resistivity
due to the diminishing influence of surface states at the void-Ge
interfaces. To account for these changes, we developed a computa-
tional model to simulate the carrier concentration and mobility of
p-type mesoporous Ge, which has suggested that the electrical prop-
erties might be further tuned by up to 4 orders of magnitude. While
this tunable resistivity could be advantageous for many applications,
our present interest is in obtaining low-resistance layers for use as
either (1) a virtual substrate to grow epitaxial layers with reduced
lattice-matching constraints, and/or (2) a release layer to manufac-
ture thin film multi-junction solar cells.

Honorary Sympoisum: Advancing Frontiers
of Ceramics for Sustainable Society
Development - International Symposium in
Honor of Dr. Mrityunjay Singh

Advancing Frontiers of Ceramics II -Novel

Processing 1

Room: Coquina Salon E

Session Chairs: Pavol Sajgalik, Institute of Inorganic Chemistry,
Slovak Academy of Sciences; Hisayuki Suematsu, Nagaoka University
of Technology

8:30 AM

(ICACC-HON-010-2018) Designing the processing of advanced
ceramics and composites to yield the required properties
(Invited)

J. Binner*'

1. University of Birmingham, School of Metallurgy & Materials, United
Kingdom

Advanced ceramics and composites find widespread uses across
a very wide range of industries, including aerospace, electronics,
health, defence, energy and many others. Their global market
is predicted to reach ~US$80B by 2022 as a result of constant
developments driven by end-users, the manufacturing sector and
researchers. Currently, however, when new materials and compo-
nents are needed they are developed by an iterative process based
largely on empirical research. This is slow, time consuming, uncer-
tain and hence costly; hence there is a tremendous need to develop
a much smarter approach. This paper will discuss the first steps

*Denotes Presenter

towards achieving a highly ambitious vision to develop the required
understanding of how the microstructures, processing and prop-
erties interact to the point whereby a very wide range of ceramics
materials with the required performance can be designed, manu-
factured and used for a wide range of end applications. [1] The
Global Advanced Ceramics Market (MCP 1001), Global Analysts
Industry Inc, 2016. See http://www.strategyr.com/MarketResearch/
Advanced_Ceramics_Market_Trends.asp.

9:00 AM

(ICACC-HON-011-2018) SPS Sintering of near net shape
ceramics (Invited)

F.]. Cambier*’; S. Hocquet'; M. Demuynck’; V. Lardot'
1. Belgian Ceramic Resaerch Centre, R&D, Belgium

Recent developments in prototyping allows to obtain complex
shape components. However, sintering remains the slow step of
the manufacturing process, but SPS technology is used for the fast
densification of powders, combining uniaxial pressure applica-
tion and thermal treatment resulting from Joule effect generated
by a high current flowing through graphite die & punches and
possibly through the powder if it is electrically conductive. There is
still a strong limitation regarding shape: only samples with simple
geometry can be obtained, reducing the scope of applicability of
SPS technology. Some attempts to modify die and punches geom-
etries are today studied, but then a new set of graphite tools has to
be machined for each sample shape, increasing time and costs of
production. In this communication, we will show another method
consisting of embedding the green part in a granular medium in
order to reach a quasi isostatic effect around the sample, avoiding
uniaxial deformations. Powder beds (graphite and SiC) were selected
regarding chemical and thermal stability; adapted flowability; good
compressibility behavior; re-use possibility. Alumina and WC-Co
were chosen as tested materials. Optimizing the technique was done
in 3 steps: sintering simple shapes while minimzing distortion; set up
of a numerical model describing the granular media behavior under
pressure; densification of green complex shape taking into account
results of simulation.

9:30 AM

(ICACC-HON-012-2018) Electrically Conductive Ceramics —
Processing and Properties (Invited)

P. Sajgalik*'
1. Institute of Inorganic Chemistry, Slovak Academy of Sciences, Ceramic
Department, Slovakia

Si;N, and AlL,O; ceramics are insulating materials, SiC is a semi-
conductor. All of this type of ceramics are widely used for the
engineering applications because of their excellent mechanical and
chemical properties. Hardness is one of those which belongs to the
most important. This brings also a problem with final machining of
these materials. Introduction of the electrically conductive elements
without substantial decreasing of the other properties of ceramics
is a way how to apply also the electrical discharging machining also
for this class of materials. Present paper deals with the processing of
three types of ceramics with increased electrical conductivity. NbTiC
electrically conductive phase was used for SiC ceramics, carbon
nano-fibres were used for Si;N, ceramics and carbon nanotubes were
used for Al,O; ceramics. In all types the increased electrical conduc-
tivity was observed, 2700 S/m for SiC ceramics, 1300 S/m for Si,N,
ceramics and 1800 S/m for Al,O, ceramics. The way of conductive
phase introduction and its influence on the mechanical properties
will be discussed. For the processing was used hot-pressing as well as
rapid hot-pressing.
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10:10 AM

(ICACC-HON-013-2018) Fabrication of Transparent Ceramics
Via Novel Processing Methods (Invited)

H. Kim'; Y. Park*'

1. Korea Institute of Materials Science, Republic of Korea

Two novel methods for the fabrication of transparent ceramics
are introduced. One is a facile hot pressing method with tantalum
foil shielding which effectively prevents the ceramic samples from
carbon contamination caused by the graphite mold for hot pressing.
As-hot-pressed Y,0, was already highly transparent without a
post-annealing step or hot isostatic pressing. The sample shows a
very fine microstructure with an average grain size of about 1 wm
owing to the low sintering temperature of only 1600°C. The result
indicates that it is possible to produce transparent Y,0, ceramics
with excellent optical transparency using simple hot-pressing
method. The other is a microfluidization method which disintegrates
nano-particle agglomerates in aqueous slurry by passing the material
through a narrow channel with a high shear stress. The uniformity of
a green body of MgAl,O, could be improved by both a wet shaping
via microfluidization of the slurry and following slip-casting process.
Another crucial factor for enhancing the transparency of MgAl,O,
was the addition of a small amount of Ca additive, which suppress
the grain growth by the segregation at grain boundaries.

10:30 AM

(ICACC-HON-014-2018) Ultrafast Laser for Materials Drilling
and Cutting (Invited)

S. Jiang*!
1. AdValue Photonics Inc, USA

In this presentation, we report our latest developments of high peak
power ultrafast fiber lasers based upon our innovative fiber laser
technology. Laser drilling and cutting on ceramics and glasses will
be presented.

10:50 AM

(ICACC-HON-015-2018) Smart powder processing of advanced
materials for sustainable society (Invited)

M. Naito*'; T. Kozawa'; A. Kondo'
1. JWRI, Osaka University, Japan

Recently, various novel powder processing techniques were rapidly
developed for advanced material production, especially in consid-
eration of green and sustainable manufacturing. Smart powder
processing stands for green and sustainable powder processing
technique that creates advanced materials with minimal energy
consumption and environmental impacts. Particle bonding tech-
nology is a typical smart powder processing technique to make
advanced composites. It creates direct bonding between particles
without any heat support or binders of any kind in the dry phase.
The bonding is achieved through the enhanced particle surface acti-
vation induced by mechanical energy, in addition to the intrinsic
high surface reactivity of nanoparticles. Using this feature, desired
composite particles can be successfully fabricated. By making use
of the particle bonding, nanoparticles can be directly synthesized
from raw powder materials by one-pot processing without applying
extra heat. Furthermore, both the synthesis of nanoparticles and
their bonding with another kind of particles to make nanocomposite
granules is also easily achieved. In this presentation, the applica-
tions of the smart powder processing for the cathodes of LIB and
the phosphors for LED will be presented. Both are key materials for
sustainable society.
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11:10 AM

(ICACC-HON-016-2018) Sol-gel synthesis and electrical
properties of MgZr,P.O,, Composite Solid Electrolyte and its
application for sensing Mg in molten Al (Invited)

M. Adamu'; G. Kale*!

1. University of Leeds, School of Chemical and Process Engineering,
United Kingdom

A magnesium ion conducting MgZr,P.O,, (MZP) ceramic material
with potential application as solid electrolyte in high temperature
electrochemical sensor for non-ferrous metal refining and alloying
operations has been synthesised by sol-gel method. An insight into
the calcination process of the dried gel was obtained using simul-
taneous TGA/DSC studies. Phase identification of the calcined
material was studied using XRD. Impedance spectroscopy measure-
ment on platinised sintered-MZP pellets were carried out in the
frequency range 100 mHz - 32 MHz and in a temperature range
of 30 - 800°C to determine the electrical properties of MZP. The ac
and dc conductivity of MZP show Arrhenius behaviour with activa-
tion energies in the range 0.84 < E (eV) =< 0.87. SEM of the fractured
MZP pellet sintered at 1300°C for 24h revealed a highly dense
microstructure with low porosity which is in good agreement with
the relative density of ~99%. EDS confirms Mg, Zr, P, O in appro-
priate atomic ratio to yield stoichiometric MgZr,P,O,,. TEM of MZP
particles confirmed the crystallite size of ~50nm for gel calcined
at 900°C. The nanopowders of MZP were pressed isostatically and
sintered into high density one end closed tubes for the fabrication
of solid state sensor for measuring Mg in Al at 963 K using biphasic
MgCr,0,+Cr,0, and MgFe,0,+Fe,0, ceramic reference electrodes.

11:30 AM

(ICACC-HON-017-2018) Catalytic Combustion-type Carbon
Monoxide Gas Sensor with Platinum-loaded Oxide Ion
Conducting Solid Electrolyte Catalysts (Invited)

N. Imanaka*'
1. Osaka University, Applied Chemistry, Japan

One of the features for conventional catalytic combustion-type CO
gas sensors is that the catalysts such as Pt loaded Al,O, or Pd loaded
Al O;, can operate relatively elevated temperatures over 400° C for
the complete carbon monoxide gas oxidation. Since other gases
such as methane and volatile organic compounds (VOCs) also burn
out at such operating temperatures, this type of sensors has a great
disadvantage in selectivity. Recently, by using 10 wt% Pt loaded
Cey 211,590,150, solid as the catalyst, we have succeeded in devel-
oping a new sensor showing considerably moderate temperature
operable catalytic combustion-type, operating even at 70°C, which
is more than 300°C below in comparison with the conventional
ones. In addition, by the combination of the superior thermoelectric
material (aluminum nitride ceramics powder) as an intermediate
heat transfer with the above Pt loaded Ce, Zr, ,,5n,,50,, catalyst,
a novel portable catalytic combustion-type carbon monoxide gas
sensor was realized, having an excellent sensing performance that
drastically reduces the CO sensing response time at the moderate
operating temperature of 70°C. Also, platinum is one of represen-
tative precious but rare metals (critical metals). Therefore, Pt-free
Ce0,-Zr0,-Sn0, solid solution catalyst is also examined.
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11:50 AM

(ICACC-HON-018-2018) Synthesis of novel materials utilizing

pulsed power technologies

H. Suematsu*'; T. Suzuki’; T. Nakayama'; K. Niihara®

1. Nagaoka University of Technology, Extreme Energy-Density Research
Institute, Japan

2. Nagaoka University of Technology, Department of Nuclear System Safety
Engineering, Japan

Pulsed power technologies which generate high power in short
duration have been developed in the nuclear fusion research. These
technologies include to make large current sources with large capac-
itors and low inductance circuits to shorten the pulse width. From
material science point of view, such large current sources to input
high energy trigger quick phase changes or novel chemical reac-
tions to target materials. By using the advantage of pulsed power
technologies, we have developed preparation methods of passiv-
ated metal and alloy nanosized powder by pulsed wired discharge
and oxynitride hard coating by pulsed laser deposition. Titanium,
zirconjium and magnesium nanosized powders preserve the metallic
phase in air at room temperature for more than a month. Thin films
of Cr(N,O) exhibit 60% higher hardness than that of CrN. Other
achievements of the pulsed power technologies are also shown in the
presentation.

7th Global Young Investigator Forum

Novel Characterization Tools of Ceramics and

Composites

Room: Coquina Salon G

Session Chair: Manoj Mahapatra, University of Alabama at
Birmingham

8:30 AM

(ICACC-GYIF-010-2018) Phase development in sol-gel
processing of nano phase ZrN and ZrC powders (Invited)

G. Westin'; S. Naim Katea*'
1. Uppsala University, Sweden

ZrN and ZrC have many extreme properties such as high melting
point, hardness, durability, thermal and electric conductivity and are
therefore of interest for use in hard cermets and matrixes for nuclear
fuels such as; U, Pu and Am in the Pb cooled Gen IV nuclear reac-
tors. The present carbothermal processes typically yield irregular
micron sized and impure powders requiring very high sintering
temperatures, even when using SPS, which is not suitable for
production. Here the phase development in new sol-gel processes to
nano-phase ZrN and ZrC based on sucrose-Zr-alkoxide precursors is
described in detail from the precursors to the final powders and key
parameters affecting the powder quality will be discussed. A number
of experimental techniques were used including; TG-DT, DSC, XPS,
XRD, IR- and Raman spectroscopy, SEM-EDS and HR-TEM-EDS/
EELS. It was found that an extremely intimate mixing of ZrO,(OH)
y and graphenic carbon was obtained at 200°C, and that the
Zr-particles were converted to ZrO, at 600°C with retained structure
at 600°C. The carbothermal reactions started at 1200°C and were
finished at 1500°C. The ZrC and ZrN were phase pure according to
XRD, but TEM showed that the nano-sized particles had a 4-5nm
thick amorphous or fine-crystalline shell. The details of this shell are
discussed, as well as its formation.

*Denotes Presenter

9:00 AM

(ICACC-GYIF-012-2018) Analyzing Damage in SiC/SiC CMCs
Using In Situ Synchrotron Techniques

A. Hilmas*'; A. Singhal’ Y. Zhou’; G. Henson* Y. Gao’; K. M. Sevener'

1. University of Michigan, USA
2. GEGRC, USA

In-situ mechanical testing of a SiC/SiC composite was performed
in Beamline 8.3.2 of the Advanced Light Source (ALS) at Lawrence
Berkeley National Laboratory. Composite samples were loaded at
room temperature and imaged at incremental loads through fracture.
Both uniaxial and cross-ply laminates were tested. The tomography
images were used to quantify damage accumulation such as fiber
breaks and matrix cracking in the composites. Measurements of the
various data were compared to current models.

9:20 AM

(ICACC-GYIF-013-2018) Compressive response of ice-templated
ceramics: Effects of solids loading, particle size, and particle
morphology

M. Banda*'; H. Kang'; S. Akurati'; D. Ghosh'
1. Old Dominion University, Mechanical and Aerospace Engineering, USA

Ice-templated ceramics are typically synthesized from aqueous
suspension of fine, equiaxed particles. While the pore volume
of scaffolds depends on solids loading of suspensions, freezing
kinetics influence lamellar bridge density, pore size and structural
morphology. In our recent studies, we have shown that variations
of particle size and particle morphology along with freezing front
velocity can result in unprecedented modifications of the length-
scale features of ice-templated ceramics, and marked improvement
of compressive mechanical response has been measured. In this
presentation, first we will demonstrate the unique effects of solids
loading, particle size, and platelet morphology on porosity, lamellar
bridge density, pore size and aspect ratio, and pore morphology
of ice-templated ceramics. Next, we will present the results of
measurements of uniaxial compressive response of the resulting
scaffolds. Finally, we will discuss the connections between the pore
volume and length-scale features, and the macroscopic compres-
sive response of ice-templated ceramics. Overall goal of this study
is to significantly improve our current understanding of the struc-
ture-property relationships of ice-templated ceramics. Implication
of the work will be realized in advancing design and development of
bioinspired, mechanically robust lightweight materials.

Young Researchers Funding, Mobility and Networks
Room: Coquina Salon G

Session Chairs: Daniele Benetti, Institut National de la Recherche
Scientifique; Giorgia Franchin, University of Padova;

Manoj Mahapatra, University of Alabama at Birmingham

10:20 AM

(ICACC-GYIF-014-2018) Making the Faculty Leap: Adventure
and Learning as a New Assistant Professor (Invited)

D. L. Poerschke*!

1. University of Minnesota, Chemical Engineering and Materials
Science, USA

Faculty positions can be incredibly fulfilling by allowing the intel-
lectual and personal freedom to nurture new ideas and carry out
creative research in a collegial, stimulating environment, while
providing gratification as students learn and succeed at their own
projects. At the same time, the process of building a lab and research
group while raising money and teaching new courses can be tremen-
dously time consuming, and at times stressful and isolating. Based
on the collective experiences navigating the academic job market
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and starting as a first-year assistant professor working in the struc-
tural ceramics field, this talk will provide advice and insight to young
researchers interested in transitioning from graduate school to
other academic positions. In addition to discussing technical aspects
related to academic positions, the talk will also cover broader themes
related to mentoring, collaborating, and work-life balance.

S1: Mechanical Behavior and Performance of
Ceramics & Composites

Complex Sections, Texture, Indentation and Fatigue
Room: Coquina Salon D

Session Chairs: Jonathan Mackey, NASA Glenn Research Center;
Amjad Almansour, NASA Glenn Research Center

1:30 PM

(ICACC-S1-020-2018) Constraint-induced transformation
reversal during cyclic loading of Ce-TZP ceramics: A dangerous
fatigue mechanism

M. Saran'; B. Murray'; T. Scott’; R. I. Todd*!
1. University of Oxford, Department of Materials, United Kingdom

Zirconia ceramics such as Y-TZP and Ce-TZP are used in critical
applications such as hip joint replacements and dental implants
because of their high toughness. These applications involve cyclic
loading and are therefore susceptible to fatigue failure. It is thought
that the accumulation of damage such as microcracking associated
with the tetragonal to monoclinic transformation plays a role in
cyclic fatigue. This presentation gives evidence that reverse transfor-
mation during unloading also contributes. The temperature required
to transform stress-induced monoclinic zirconia back to the tetrag-
onal polytype when unloaded is investigated. The results show that
the temperature required is lower the greater is the constraint of the
surrounding material, and that for Ce-TZP, reverse transformation
can occur at room temperature when the constraint is sufficiently
high. Fatigue tests were conducted under R=0 and R=-1 loading
conditions. The lifetime was significantly shorter in fully reversed
loading than in R=0 testing. Raman microscopy demonstrated that
the fracture surfaces in the region of initial crack growth contained
significantly less monoclinic phase in cycled specimens than in
specimens tested in monotonic loading. The results are consistent
with the cyclic degradation of toughness by reverse transformation
during unloading.

1:50 PM

(ICACC-S1-021-2018) Characterization of Dynamic Indentation
in Gas-turbine-grade Silicon Nitride Ceramic

N. Kedir*'; C. D. Kirk? Y. Nie®; N. Parab*; B. Claus®; T. Sun?; K. Fezzaa*;
W. Chen®

1. Purdue University, Materials Engineering, USA
2. Purdue University, Mechanical Engineering, USA
3. Purdue University, Aerospace Engineering, USA
4. Argonne National Lab, USA

A study of the dynamic indentation response of AS800 Silicon Nitride
Ceramic was performed through phase contrast imaging (PCI)
capabilities rendered by a high-speed Synchrotron X-ray imaging
setup. Hardened steel indenters with diameters ranging from 1.2 to
2.8 mm were used as part of a modified Kolsky bar setup to apply
the dynamic compressive load at an indenter velocity of ~ 6 m/s.
The PCI method showed the sequential fracture process of the
ceramic and the deformation of the indenter in real-time. Combined
Hertzian cracks and median cracks were observed to yield cata-
strophic fracture of the ceramic into several fragments. Analysis of
the surface morphology of some recovered projectiles and specimens
also showed distinct markers for locations of surface ring cracks.
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A close match was obtained between the measured ring crack
diameter and critical contact diameter for cracking in the PCI
observations.

2:10 PM

(ICACC-S1-022-2018) Evaluation of New Technique to Estimate
Yield Stress in Brittle Materials via Spherical Indentation Testing

B. L. Hackett*!; A. Wereszczak’; G. M. Pharr?

1. University of Tennessee, USA
2. Texas A&M University, USA
3. Oak Ridge National Lab, USA

Instrumented indentation testing provides the means to measure
many mechanical properties and characteristics of materials. One
such mechanical property that can be ascertained from indentation
testing is a material’s yield stress, the stress corresponding to the
onset of plastic deformation. In brittle materials such as ceramics
and glasses, traditional testing methods fall short of precisely
establishing the yield stress. A new technique to estimate the yield
stress, evidenced through sensing and interpreting the initiation
of a residual surface impression, of several brittle materials (boro-
silicate, soda-lime silicate, and bulk metallic glass) using spherical
nanoindentation was developed. The test method and manner of
interpreting the loading-unloading history associated with the yield-
like response are described.

2:30 PM

(ICACC-S1-023-2018) Weibull Scaling Effects in Silicon Carbide
Tubes Using Various Strength Testing Techniques

S. M. Chown*!
1. Saint-Gobain, USA

Silicon carbide roller tubes are an increasingly attractive solution for
the design of higher efficiency, high temperature roller hearth kilns.
A demand for throughput has driven these furnaces to require higher
running capacities. Subsequently, this increased volume leads to a
heavier load on the rollers, which requires stronger high tempera-
ture roller materials. Therefore designing these ceramic products,
often based solely on manufacturer’s reported “strength”, is a critical
task. When comparing different materials and grades, it is important
to understand the information that is available. Specifically, reported
values for generically defined strength vary widely and are poten-
tially misinterpreted when used for engineering calculations and
design including a proper factor of safety. This can be exacerbated
if there is no designation of test methodology as the source of the
information. In this paper, we discuss the impact of four point and
three point flexural strength tests and how Weibull volume is used
to scale to the effective strength of the material. Through Weibull
volume, we observe the scalability between preferred ASTM C1161
results and those obtained when testing the more readily available
sections of production components, given the typical failure mecha-
nisms observed in rollers.

2:50 PM

(ICACC-S1-024-2018) Mechanical characterization and
fractography of ceramics produced by additive manufacturing

M. Schwentenwein*'; T. Lube? J. Schlacher’; G. Mitteramskogler';

W. Harrer?;, R. Danzer?

1. Lithoz GmbH, Austria

2. Montanuniversitaet Leoben, Institut fiir Struktur- und
Funktionskeramik, Austria

Additive manufacturing (AM) techniques increasingly become
a relevant fabrication method in the field of high-performance
ceramics. The increasing importance of these components also
requires the availability of testing procedures that ensure the quality
and homogeneity of parts made by AM. A specific aspect of the
strength of additive manufactured components and specimens
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is the building direction. The interface between adjacent layers
may have properties that deviate from the properties of the layers
themselves. In a bending bar as usually used for strength testing of
ceramics the layers may be oriented parallel to each of the specimens
faces. During flexural strength testing the applied stress then acts
normal or parallel to the interfaces. This enables an investigation of
properties in relation to the building direction. In this contribu-
tion, we present mechanical properties obtained on specimens from
additive manufactured alumina components. Specimens tested
in different orientations with respect to the building direction are
investigated. The relation between applied stress direction, strength
and building direction is presented. It is shown that proper choice of
the materials as well as the printing and post-processing parameters
are extremely important to realize a homogeneous microstructure
in the 3D printed part and thus, ceramic components with isotropic
material properties.

3:30 PM

(ICACC-S1-025-2018) Strength Evaluation of Interconnects via
Cantilever Testing

A. Wereszczak*'; B. Chen’; O. Jadaan’; B. Oistad'; M. Modugno®; J. Sharp’;
J. Salvador®

1. Oak Ridge National Laboratory, USA

University of Delaware, USA

University of Mount Union, USA

Alfred University, USA

Marlow Industries, USA

GM Global R&D, USA

AN

Cantilever testing is an underutilized test method whose results
and interpretations promote greater understanding of the tensile
and shear failure responses of interconnects, metallizations, or
bonded joints, such as those used in thermoelectric devices. The use
and analysis of this method were pursued through the mechanical
testing of interconnects that joined copper pillars or silicon pillars
to substrates. Sintered-silver was chosen as the interconnect test
medium because of its high electrical and thermal conductivities and
high-temperature capability - attractive characteristics for a candi-
date interconnect in power electronic components and other devices.
Deep beam theory was used to correct the estimations of the tensile
and shear stresses. The experimental simplicity of cantilever testing,
and the ability to analytically calculate tensile and shear stresses at
failure, result in it being an attractive mechanical test method to
evaluate the failure response of interconnects. This manuscript has
been authored by UT-Battelle, LLC, under Contract No. DE-ACO05-
000R22725 with the U.S. Department of Energy.

3:50 PM

(ICACC-S1-026-2018) Torsion tests on joined ceramics: How to
deal with brittle or ductile joining materials?

L. Goglio*'; M. Ferraris’; M. Salvo’; V. Casalegno®; S. De La Pierre’

1. Politecnico di Torino, Mechanical and Aerospace Engineering
Department, Italy

2. Politecnico di Torino, Applied Science and Technology Department, Italy

Results of an experimental investigation on brittle and non-brittle
joining materials for ceramics tested in torsion will be presented and
discussed. SiC hourglass shaped samples have been joined by several
brittle and non-brittle adhesives. The hourglass shape has been
designed to minimize stress concentration, avoid interface stress
singularity and have shear stress only in the joined area. When the
joining material is purely brittle, the shear strength is evaluated from
the maximum of the torque/rotation curve. In the case of non purely
brittle joining materials, the joined area must be gradually reduced
to a ring-shaped area until size independent results are obtained
and the maximum of the torque/rotation curve can be used to eval-
uate the shear strength. Modelling results help understanding this
behavior and therefore the meaning of the measured strength, which
can be identified more accurately.

*Denotes Presenter

4:10 PM

(ICACC-S1-027-2018) Toward Standardization of Strength
Testing of the Sectored Flexure Ceramic Specimen

B. Oistad*'; A. Wereszczak'; B. Chen'; O. Jadaan?

1. Oak Ridge National Lab, USA
2. University of Mount Union, Department of Engineering, USA

Efforts are underway to ASTM-standardize the strength testing of
the sectored flexure specimen that is harvested out of ceramic and
glass tubes and cylinders. The specimen was developed specifically
for circumstances in which flaws located at a tube’s or cylinder’s
outer diameter are strength-limiters when subjected to uniaxial
bending or axial tension. Examples of previously tested specimens
are reviewed, and attention is given to more recent 4-point flexure
testing of SiC and glass sectored specimens harvested out of 25.6 mm
x 18.9 mm x 60.9 mm and 87.9 mm x 76.2 mm x 101.6 mm, respec-
tively. The imposed stresses, and potential specimen design and
their machining considerations are discussed. This manuscript has
been authored by UT-Battelle, LLC, under Contract No. DE-ACO05-
000R22725 with the U.S. Department of Energy.

4:30 PM

(ICACC-S1-028-2018) Ice-templated ceramics: Understanding
uniaxial compressive behavior both in quasistatic and dynamic
regimes of loading

D. Ghosh*'; M. Banda'; H. Kang'
1. Old Dominion University, Mechanical and Aerospace Engineering, USA

Due to lightweight, high specific stiffness and strength, and energy
absorption capacity, ice-templated ceramics are promising candi-
date materials for nuclear warheads, armor systems, anti-mining,
and impact protection. In these applications, materials are often
subjected to mechanical forces within loading durations of tens of
microseconds. Therefore, mechanical response of ice-templated
ceramics measured in quasistatic regime may not truly represent
their dynamic (high-strain rate) mechanical behavior. In this presen-
tation, we will discuss our work on understanding the uniaxial
compressive response of ice-templated sintered ceramics both in the
quasistatic and dynamic regimes of strain rates. We utilized ice-tem-
plated alumina as a model system and employed a split-Hopkinson
pressure bar (SHPB) to measure the uniaxial dynamic compres-
sive response. In the processed ice-templated ceramics, porosity,
lamellar bridge density, structural morphology, and other length-
scale features were modified through the systematic variations of the
intrinsic (solids loading of suspension, particle size and morphology)
and extrinsic (freezing front velocity) variables. This study will
help to decipher the effects of pore volume, pore morphology, and
length-scale features on the mechanical response of ice-templated
ceramics at two widely different strain rate regimes.

4:50 PM

(ICACC-S1-048-2018) Applicability of Rapid Prototyping for
manufacturing of advanced ceramic nano-composites

D. B. Kata*'; P. Rutkowski'; J. Huebner'; J. Lis'

1. AGH University of Science and Technology, Faculty of Materials Science
and Ceramics, Poland

The applicability of RP is shown based on the two nanocmpos-
ites: AIN-graphene and Inconel 625 - WC. The 30% of anisotropy
in thermal conductivity, elastic properties and K;. was obtained in
AIN-graphene nanocomposites due to RP technology. The struc-
tures were examined by X-ray diffraction, SEM and TEM methods.
It is showed that graphen plays a crucial role in anisotropy and influ-
ences on microstructure appearance. The possibility of controlling
anisotropy by graphen content and RP conditions was showed.
Chemically and structurally homogenous Inconel 625 - WC
nanocomposite coatings were prepared due to Rapid Prototyping
technology. Because of chemical composition of Inconel 625 super-
alloy, secondary carbides of WC, W,C, NbC, (NbW)C, W,C,,, and
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(W,Cr,Ni),;C; were detected in the intergranular spaces by XRD
analysis. They appeared in form of eutectic with typical fishbone-like
structure in samples containing increased amount of WC - 30 wt %.
High cooling rate during RP process was the reason of fine micro-
structure in produced material. TEM observation showed two types
of precipitations: angular carbides and spherical oxides containing
increased amount of Cr, Si and Ti. Finally, a fundamental interac-
tion betwen laser beam and AIN-graphene or Inconel 625-WC was
examined. The different aspects of the ceramic laser processing from
fundamental mechanism up to engineering applicability is discussed.

S2: Advanced Ceramic Coatings for
Structural, Environmental, and Functional

Applications

Innovative Multifunctional Coatings
Room: St. John
Session Chair: Eugene Medvedovski, Consultant

1:30 PM

(ICACC-S2-021-2018) Coatings Based on Thermal Diffusion
Technology for Molten Salt Corrosion Environment in Pulp and
Paper Processing

E. Medvedovski*'; G. Leal Mendoza'; A. Mahdavi*; A. McDonald?

1. Endurance Technologies Inc., Canada
2. University of Alberta, Canada

Protective coatings obtained through the thermal diffusion tech-
nology have been tested in modeling high temperature corrosion
conditions with molten salts. According to microstructural and
phase analysis studies, the coatings with multilayered architectures
based on borides, aluminides and chromides, with and without
additional oxide layers, demonstrated successful performance over
bare steels. The coating technology is applicable for large size steel
components and tubing required for recovery boilers and other
production units in pulp and paper processing.

1:50 PM

(ICACC-S2-022-2018) Erosion-Corrosion Studies of the Iron
Boride Coatings for Protection of Tubing Components in Oil
Production

E. Medvedovski*'; S. Hernandez’; R. Sarrafi-Nour’; H. Arabnejad®;
A. Prescott’; S. A. Shirazi®

1. Endurance Technologies Inc., Canada
2. Chevron Energy, USA
3. The University of Tulsa, USA

Heavy oil production and oil sand processing require protection
of steel components against sand erosion and erosion-corrosion.
Boronized coatings on carbon steels obtained through thermal
diffusion process and consisted of dual iron boride layers FeB and
Fe,B with a total thickness of 200-250 um have been evaluated in
the dry sand erosion, wet erosion and synergistic erosion-corrosion
(CO,-brine water) conditions at elevated temperature. Iron boride
coatings demonstrated significantly higher resistance in erosion and
erosion-corrosion conditions at 90 degrees impingement angle over
carbon steel commonly used in industry. Their performance would
be even greater in sliding erosion generally occurring in the field
production situations. High performance of the FeB-Fe,B coatings
is defined by their high hardness, chemical inertness and diffusion
related bonding with steels. The tubing and casing with inner or
inner and outer protective iron boride coatings can be successfully
employed in downhole oil production conditions.
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2:10 PM

(ICACC-52-023-2018) Influence of Carrier Gas Species on the
Room Temperature Powder Aerosol Deposition Process

M. Schubert*’; R. Wang'; J. Kita'; R. Moos'

1. University of Bayreuth, Department for Functional Materials, Germany

The Aerosol Deposition Method is a novel ceramic coating tech-
nique. It allows manufacturing of dense ceramic films at room
temperature directly from ceramic powders without any high
temperature sintering steps and without expensive vacuum
processes. Due to its deposition mechanism based on collision and
densification of fine ceramic powder particles on a substrate, it is
also called “Room Temperature Impact Consolidation”. Ceramic
particles are accelerated up to several hundred m/s and ejected on
a target. There, they build dense ceramic layers in the range of 0.5 to
50 um by fraction of the particles to crystallite sizes of about 20 nm
and subsequent consolidation. The carrier gas is the driving force of
this process and therefore affects the process. The speed of sound,
the viscosity and other properties directly affect the deposition rate,
the resulting film quality and functional properties. Previous studies
showed that the mechanical stress of the films are reduced by 50%
by using O, instead of N, as carrier gas. In this study, seven different
gases (N,, O,, Ar, Ne, Kr, CO,, SF;) were used to deposit of AL,O-
films on three different substrates (stainless steel, glass, Al,O,) and
the deposition rate was calculated. Furthermore, the mechanical film
stress, the permittivity, and the optical transmission were measured.
The results correlated with the physical properties of the gases.

2:30 PM

(ICACC-S2-024-2018) Annealing of conductive films formed at
room temperature by powder Aerosol Deposition to improve
their electrical properties

J. Exner*'; M. Schubert'; D. Hanft'; J. Kita'; R. Moos'

1. University of Bayreuth, Department of Functional Materials, Germany

Functional ceramic films play a key role in a large variety of applica-
tions, ranging from sensors and catalysts to components for energy
conversion (SOFC) and storage (batteries). Increasing require-
ments for long-term stability and enhanced electrical properties also
create a rising demand for improved coating techniques. Aerosol
Deposition (AD) could meet these demands, since it combines
several advantages over conventional ceramic coating techniques.
The unique feature is the possibility to form dense, nanocrystalline
ceramic films directly from the ceramic powder caused by the Room
Temperature Impact Consolidation (RTIC) mechanism. Without
the need for a heat treatment during or after deposition, mechanical
film properties like hardness or wear resistance are comparable to
sintered samples. However, electrical properties significantly dete-
riorate during RTIC, resulting in a strongly reduced conductivity
or permittivity. In order to regain bulk electrical properties, a post
deposition film treatment is necessary. This can be accomplished by
thermal annealing, i.e. by a heat treatment far below typical sintering
temperatures. The behavior of several ionic as well as electronic
conducting AD films during annealing was investigated and linked
to changes within the film morphology and crystal structure.

*Denotes Presenter
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CMAS Degradation of T/EBC & Mitigation Strategies I
Room: St. John
Session Chair: Bryan Harder, NASA Glenn Research Center

3:30 PM

(ICACC-S2-026-2018) Determination of Crystallization Kinetic
Parameters of CMAS with T/EBC Materials

]. Stokes*'; B. J. Harder% V. L. Wiesner? D. E. Wolfe'

1. Pennsylvania State University, Materials Science and Engineering, USA
2. NASA Glenn Research Center, Materials and Structures Division, USA

Thermal and environmental barrier coatings (T/EBCs) are used to
insulate and protect superalloy and ceramic matrix composite (CMC)
components from oxidation, corrosion, and detrimental interac-
tions with molten calcium-magnesium-aluminum-silicates (CMAS)
caused by ingestion of sand or volcanic ash in aircraft engines at
temperatures above 1200°C. The present study investigates the
crystallization and reaction kinetics of T/EBCs with various CMAS
compositions as a function of time, temperature, and CaO/SiO,
ratios in 4-component CMAS systems. T/EBC and CMAS powders
were mixed in a 50:50 mol% ratio, from which pellets were fabricated
by uniaxial pressing, followed by furnace heat treatments. Heat treat-
ments were carried out from 1-50 hours at 1000°C, 1100°C, 1200°C,
1300°C and 1400°C, and the phase constitution and morphology of
reaction products were characterized using XRD, SEM, and EDS.

3:50 PM

(ICACC-S2-027-2018) Molten sand resistance of plasma-sprayed
blends of rare-earth oxides with yttria-stabilized zirconia

M. J. Walock*'; A. Nieto'; M. Graybeal’; W. R. Gamble’; B. Barnett’;

A. Ghoshal'; M. Murugan'; M. S. Pepi’; J. Swab®

1. US Army Research Laboratory, Vehicle Technologies Directorate, USA

2. US Army Research Laboratory, Weapons and Materials Research
Directorate, USA

Degraded environments that contain sand, dust, ash, soot, and/or salt
can significantly affect the durability and performance of advanced
gas turbine engines. Contaminant accumulation can reduce the effi-
cacy of component cooling schemes and reduce air flow through
the engine; sand-glazing can increase the thermal conductivity and
reduce the strain-tolerance of thermal barrier coatings (TBCs). In
addition, calcia-magnesia-alumina-silicate (CMAS), formed by the
molten sand, can attack and degrade/destroy TBCs through chem-
ical interactions. In this research, commercially-sourced rare-earth
oxide and yttria-stabilized zirconia (YSZ) powders are mechani-
cally blended and subsequently deposited onto 1-in diameter IN 718
discs by atmospheric plasma spray (APS). For comparison, stan-
dard YSZ samples have also been fabricated by APS. These discs are
exposed to hot gases and molten sand in a button cell flame test rig
and hot-particulate ingestion rig, under engine relevant conditions.
The evolution of the standard and blended TBC microstructures,
and their resistance to calcia-magnesia-alumino-silicate deposits, are
investigated with x-ray diffraction, scanning acoustic microscopy,
scanning electron microscopy with energy-dispersive spectroscopy
and scanning Auger electron microscopy.

4:10 PM

(ICACC-S2-028-2018) Effect of Biofuel Impurities on the Hot
Corrosion of Thermal Barrier Coatings

J. H. Ramirez Velasco*'; H. Kenttimaa® G. Kilaz®; R. Trice'

1. Purdue University, Materials Engineering, USA
2. Purdue University, Chemistry, USA
3. Purdue University, Aviation Technology, USA

Biofuels are a renewable fuel source for use in gas turbines employed
for energy generation or aviation applications. However, these
alternative fuels may contain the individual constituents found in
calcium-magnesium-aluminum silicates or CMAS as result of how

*Denotes Presenter

the biomass is harvested. Thus, critical components in a gas turbine
engine, including blades and vanes, burning biofuels are exposed to
impurities that may hasten their failure through a variety of different
corroding mechanisms. In this study, the individual constituents
of CMAS were sprayed onto air plasma spray (APS) and electron
beam physical vapor deposition (EB-PVD) thermal barrier coatings
(TBCs) and subsequently exposed to heating and cooling cycles at
temperatures similar to those of a gas turbine. In each case, micro-
structure investigations revealed delamination of the yttria-stabilized
zirconia (YSZ) topcoat that can be linked to infiltration and the
formation of different phases as a consequence of the impurites.
Elemental map analysis revealed evidence of primarily CaO and SiO,
phases in the microstructure of the YSZ presumably which likely
contributed to delamination.

4:30 PM

(ICACC-S2-029-2018) Thermal, mechanical properties and
CMAS-resistance of ordered rare earth hafnates (8-Re Hf,0,, Re
=Yb, Lu) EBC candidates

W. Hu*%; J. Zhang'; ]. Wang'
1. Institution of Metal Research, Chinese Academy of Sciences, Shenyang
National Laboratory for Materials Science, China

Silicon-based ceramic composites are proposed materials for
future gas turbine hot section components with improved engine
efficiency and fuel consumption by increasing operating tempera-
ture. However, the harsh environment brings requirements for
thermal and environmental barrier coating (T/EBC) with excel-
lent temperature capability, thermal stability and durability, as
well as corrosion-resistance of molten deposits of calcium-magne-
sium-aluminosilicate (CMAS). In the present work, we focused on
the ordered phase 8-Re,Hf;0,, (Re = Yb, Lu) and evaluated their
capabilities to be used as EBC coatings. The bulk sample has been
fabricated by hot-pressed sintering method and their mechan-
ical and thermal properties were systematically investigated. They
exhibited good high temperature elastic modulus retention and
moderately matching thermal expansion coefficients with the sili-
con-based ceramic. The interactions of the hafnates with CMAS at
1300 and 1500 °C were studied respectively. HfO,-based fluorites
and apatite silicates were the main reaction products. The hafnate
with larger ionic rare-earth radius exhibited better CMAS corrosion
resistance and potentially applied in EBC system based on its high
temperature stability.

4:50 PM

(ICACC-S2-030-2018) Evaluation of yttrium silicides to form in-
situ EBCs in melt-infiltrated SiC CMCs

R. A. Golden*'; E. J. Opila'
1. University of Virginia, Materials Science and Engineering, USA

Current silicon melt-infiltrated (SMI) ceramic matrix compos-
ites (CMCs) are limited by the melting temperature of silicon
(1414°C) and the volatility of the thermally grown SiO, scale in
high-temperature water vapor environments. Replacement of the
melt-infiltrated (MI) silicon with a rare-earth silicide offers the
potential to address both limitations of SMI CMCs. This study
focuses on the ability of yttrium silicides to form yttrium silicates
(phases with greater stability in high-temperature water vapor than
SiO,) in high-temperature oxidizing environments. Yttrium silicides
with compositions of 41, 67 and 95 at% Si-Y were fabricated using
arc melting. Specimens were oxidized in air at 1000°C and 1200°C
for times up to 24 hours. Rapid formation of a nonprotective Y,0,
scale and rejected Si was observed. Additional minor oxide phases
of Y-Si-O, Y,SiO;, Y,Si,0, and SiO, formed on and beneath the
specimen surface. Characterization of the microstructural evolution
with time and temperature helped elucidate the diffusion mech-
anisms that control oxide growth rates. Replacement of MI silicon
with a MI yttrium silicide would significantly compromise the high
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temperature performance of a CMC due to Y,0; CTE mismatch
with SiC, high oxygen permeability and the large volume change
associated with its rapid subsurface formation.

$3: 15th International Symposium on Solid
Oxide Fuel Cells (SOFC): Materials, Science
and Technology

Mechanical Stability I
Room: Crystal
Session Chair: Dario Montinaro, SOFCpower SpA

1:30 PM

(ICACC-S3-017-2018) The Implications of Creep Deformation
of Anodes on the Durability and Reliability of Solid-Oxide Fuel
Cells (Invited)

E. Lara-Curzio*'; A. Marquez'; A. Flores Betancourt’; E. Cakmak'; M. Lance';
B. L. Armstrong'; T. Burgess’; J. R. Bultman*

1. Oak Ridge National Lab, Materials Science & Technology Division, USA
2. University of California, Berkeley, USA

3. University of Tennessee, Knoxville, USA

4. University of Alabama, Tuscaloosa, USA

The failure rate of many engineering systems, including solid-oxide
fuel cells (SOFCs), can be described by the bathtub curve in which
failures in the third regime of the curve are associated with time-de-
pendent degradation mechanisms. In this presentation, the creep
deformation experienced by SOFC components will be analysed
from a structural degradation perspective and the effect of creep
deformation on the microstructure and functionality of Ni-YSZ
anode materials will be discussed. The redistribution of internal
stresses that occurs when cell materials exhibit different resistance
to creep deformation will also be reviewed and the implications of
internal stress redistribution on the reliability of SOFCs will be
discussed.

2:00 PM

(ICACC-S3-018-2018) Chemo-mechanical effects influencing the
mechanical integrity of SOFCs (Invited)

H. L. Frandsen*'; C. Chatzichristodoulou'; B. Charlas'; R. Kiebach';
K. Kwok'; P. Norby'; P. Hendriksen'

1. Technical University of Denmark, Department of Energy Conversion and
Storage, Denmark

After manufacturing, solid oxide fuel cells (SOFC) experiences
high residual stresses. Creep will over time relax these stresses.
Here accelerated creep during reduction of the Ni(O)-YSZ anode is
studied (~x10* faster than normal creep). Relaxation of the protec-
tive compressive residual stresses in the electrolyte significantly
influences the integrity of the SOFCs. Creep rates were measured by
bending and uniaxial tension - to exclude effects from asymmetric
reduction. High deformation rates were found at simultaneous
loading and shift of atmosphere - compared to different reference
cases. The hypothesis for this chemo-mechanical phenomenon is a
significant softening of Ni(O) leading to a drop of elastic modulus
(x10), fast primary creep of YSZ phase, and release of residual
stresses in the micro-structure. The hypothesis was investigated
by measuring the stresses through the reduction in-situ by X-ray
diffraction - by determining both macro-strains in multi-layered
SOFCs, and micro-strains in the composite Ni(O)-YSZ anodes.
The stress variation over temperature, through cell layers and in the
micro-structure could also be understood using macro-scale and 3D
micro-structural models. Stresses were found to practically reduce to
zero at higher reduction temperatures (700-800°C). This confirms
the hypothesis for accelerated creep. The implication is that the
reduction temperature should be chosen with care.
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2:30 PM

(ICACC-83-019-2018) Classifying Heterogeneity in Porous,
Composite Electrode Microstructures

W. K. Epting*'; T. Hsu’; R. Mahbub?; P. Salvador’; P. Ohodnicki';
H. Abernathy'; G. Hackett'

1. National Energy Technology Laboratory, USA
2. Carnegie Mellon University, Materials Science and Engineering, USA

To understand and predict the performance and degradation of
solid oxide fuel cells (SOFCs), it is critical to understanding the
microstructure of their porous, composite, ceramic-based elec-
trodes, particularly the interfaces between phases and the triple
phase boundaries. Valuable insight can be gained by character-
izing these microstructures using 3D tomographic techniques,
such as focused ion beam scanning electron microscopy and x-ray
computed tomography. Through such 3D characterization, we have
identified different sources of microstructural heterogeneity that
exist in different length scales. These can include wide particle size
distributions, aggregation of particles, poor mixing, rare but regular
inclusions such as large particles or pores, and gradients in compo-
sition. To better understand the length scale on which these sources
of heterogeneity affect the description of the cell, we have generated
synthetic microstructures with deliberate variation of particle size
distribution and the simulation of poor mixing. By comparing the
resulting synthetic microstructures to large volumes of experimen-
tally characterized microstructures, we find that it is necessary to
consider multiple sources of heterogeneity across multiple length
scales to approximate the structure — and therefore the performance
and degradation - of an actual electrode.

Mechanical Stability IT / Novel Processing and Design
Room: Crystal
Session Chair: Ayhan Sarikaya, Saint-Gobain

3:10 PM

(ICACC-S3-020-2018) Modeling performance degradation due to
grain coarsening effects in solid oxide fuel cells

J. H. Mason*'; W. K. Epting"; Y. Lei’; I. Celik’; S. Lee'; H. Abernathy';
pting y
G. Hackett'

1. National Energy Technology Laboratory, US Department of Energy, USA

An integrated model utilizing multi-physics, phase field modeling
and microstructure analysis is applied to predict performance loss
as a function of time via particle coarsening in SOFCs. The multi-
physics model is calibrated to experimental data of a button cell.
Semi-empirical relations are used to model microstructural property
evolution as a function of temperature. Performance predictions
are then made for the entire cell lifetime (40,000 hours) at various
temperatures. Then, reconstructed microstructures from SOFC
electrodes obtained from PFIB analysis are coarsened as a function
of temperature by the phase field model. The microstructure anal-
ysis tool outputs an array of properties which are applied within the
performance model incrementally. Performance change over time
due to coarsening is predicted by multi-physics model based on
these properties. This is repeated for synthetically produced micro-
structures with varying initial particle size distributions. Predictions
from this high-fidelity integrated model can then be used to improve
the semi-empirical functional relations to improve accuracy of long
term predictions.
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3:30 PM

(ICACC-S3-021-2018) Phase Field Modelling of Microstructural
Changes in Ni/YSZ Solid Oxide Electrolysis Cells Electrodes

M. Trini*'; S. De Angelis'; P. S. Jorgensen'; A. Hauch'; M. Chen';
P. V. Hendriksen'

1. Technical University of Denmark, Energy Conversion and Storage,
Denmark

Solid oxide cells (SOC) are electrochemical devices that can be oper-
ated both in in fuel cell mode (SOFC) and electrolysis mode (SOEC).
Understanding microstructural changes in SOECs is fundamental to
investigate the degradation processes occurring during operation.
Modelling these changes may show an important tool to improve
the technology. Focused-ion-beam scanning electron microscopy
tomography was used to characterize Ni/YSZ cermets which repre-
sent the state of the art material for SOC fuel electrodes. Different
locations in a cell tested as part of a 25 cells stack for 9000 hours have
been characterized in detail through indicators of microstructural
degradation such as particle size distribution, triple phase boundary
(TPB) length and network pathways. The aged cell is compared
to a fresh cell (a cell from the same production batch but not long
term tested). The porosity of the non-aged sample was ~25% and
the overall TPB length ~2.4 um/um’® of which 83% belongs to a
percolated network. In the aged cell, the percolated TPB-length
was significantly reduced (to ~0.76 wum/um?). The extent of the
loss was observed to depend on the location relative to the steam
inlet. In addition, phase field modelling was performed to simulate
the microstructural evolution and extract degradation parameters.
The experimental findings will be discussed on the basis of the simu-
lation results.

3:50 PM

(ICACC-S3-022-2018) High Performance and Stability Based on
Tri-layer Structure SOFC and SOEC (Invited)

M. Han*'

1. Tsinghua University, State Key Laboratory of Power Systems,
Department of Thermal Engineering, China

To realize a sustainable energy future, wind and solar power has got
a remarkable development in China, but energy storage is needed
because of their intermittent characteristics. Moreover, advanced
fossil fuel conversion technologies are also urgently needed. Solid
oxide electrochemical cell (SOC) is a highly promising alterna-
tive for both energy storage and fossil fuel conversion due to its
high efficiency and low emission. Degradation resulting from the
electrolyte-electrode interface is a issue in both fuel cell and elec-
trolysis mode for traditional cell. Here, a tri-layer structure cell with
co-sintering technology is developed to mitigate the degradation.
La,(Sr,,Co,,Fe 505, is infiltrated to oxygen electrode backbone of
a tri-layer NiO-YSZ|YSZ|porous-YSZ substrate. The 10cmx10cm
cell gives a power output of 60W@0.7V-800 °C, and shows long-
term stability. In CO2/H20 co-electrolysis mode, a current output
of 0.55Acm”@1.3V-750 °C is obtained. It suggests that Gd,,Ce, 40, ;
(GDC) co-infiltration can improve the oxygen electrode stability
through limiting the growing-up of nanoparticles, however, decrease
the cell performance. Whilst, Ag co-infiltration can improve both
electrochemical performance and stability. In addition, methane can
be send to the oxygen electrode to reduce the electricity consume
in electrolysis mode, which is a promising syngas production tech-
nology in future.

*Denotes Presenter

4:20 PM

(ICACC-83-023-2018) Internal Methane Reforming for Efficient,
High Power Density Solid Oxide Stack

S. Roychoudhury*'; C. Junaedi'; S. Vilekar'; T. LaBreche'; R. Mastanduno'

1. Precision Combustion, Inc., USA

Methane as direct fuel for SOFC has been widely investigated. Direct
Internal Reforming SOFC (DIR-SOFC) could improve efficiency by
avoiding external reformer and heat exchanger losses by close-cou-
pling reforming and electrochemical reactions at the anode. Prior
studies concluded that DIR-SOFC, without reforming catalyst in
the anode, is challenging due to either carbon deposition promoted
by traditional Ni-YSZ anode or the poor electrochemical activity of
atypical Ni-free anodes. On-going research is focused on close-cou-
pling a reforming catalyst with the anode, where CH, is reformed
to produce H, and CO and is followed by the electrochemical
reaction. Internal at-anode CH, reforming has been discussed for
facilitating CH,-fed SOFC operation with minimal carbon forma-
tion and providing additional cooling of the SOFC. Conventional
DIR-SOFC approaches use catalysts located prior to the intercel-
lular region. These approaches add bulk, have limited thermal ramp
capability, require complex flow distribution patterns, and do not
effectively dispatch heat. These challenges are circumvented by a
PCI innovation, which improves stack heat management and carbon
avoidance during internal CH, reforming. It addresses challenges
with DIR-SOFC designs, including temperature uniformity, carbon
deposition, and degradation of electrochemical activity. Preliminary
test results and potential benefits will be presented.

4:40 PM

(ICACC-S3-024-2018) Challenges of processing and operating
metal supported fuel cells

F. Thaler*’; D. Udomsilp'; A. Opitz* V. Rojek-Wéckner’; M. Bram'

1. Christian Doppler Laboratory for Interfaces in Metal-Supported
Electrochemical Energy Converters, Forschungszentrum Juelich GmbH,
IEK-1, Germany

2. Christian Doppler Laboratory for Interfaces in Metal-Supported
Electrochemical Energy Converters, Vienna University of Technology,
Institute of Chemical Technologies and Analytics, Austria

3. Christian Doppler Laboratory for Interfaces in Metal-Supported
Electrochemical Energy Converters, Germany

Metal supported fuel cells (MSCs) are attractive for non-stationary
energy applications like fuel cell generators or range extender for
battery electric vehicles. Contrary to conventional anode (ASC) or
electrolyte supported (ESC) solid oxide fuel cells, MSCs promise
improved mechanical stability and less production costs. As close
cooperation between Forschungszentrum Jiilich, TU Wien, Plansee
SE and AVL List GmbH, the Christian Doppler Laboratory for
Interfaces in Metal-supported Electrochemical Energy Converters
contributes to the development of the Plansee MSC concept. A
specific focus lies on the optimized processing of the electrodes
aiming on increased electrochemical performance and long-term
stability. Recently, significant progress in cell performance was
achieved by optimizing the sintering procedure of the cathode,
enabling to introduce LSC as cathode material of the Plansee MSC.
An adapted sintering route using an atmosphere with controlled
oxygen partial pressure, optimized particle size and sintering
aids enabled to improve the sintering behaviour of the cathode
in moderate temperatures. In parallel, Ni/GDC anode with opti-
mized microstructure was introduced. Both measures resulted in a
significant increase of electrochemical performance. The presenta-
tion summarizes the latest results including a general discussion of
factors which must be considered to achieve improved long-term
stability as well.
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5:00 PM

(ICACC-$3-025-2018) Development of Metal-Supported Proton-
Conducting Solid Oxide Fuel Cells by Reactive Spray Deposition
Technology

R. Ouimet*'; T. D. Myles’; L. Bonville’; R. Maric'

1. University of Connecticut, Department of Chemical and Biomolecular
Engineering, USA

2. University of Connecticut, Center for Clean Energy Engineering, USA

3. Health eSense, Inc., USA

In order to reduce both the operating temperature and the cost
of solid oxide fuel cells (SOFCs), new materials and processes
are required. By utilizing proton-conducting materials rather
than the traditional anion-conducting materials, it is possible to
lower the operating temperature of the SOFC from 800-1000°C to
500-600°C while using multiple fuels. Once the operating tempera-
ture is lowered, further cost reductions can be made by replacing
the expensive materials currently used in SOFCs with low cost
metal supports. This requires new processes to properly deposit the
dense electrolyte and porous electrode microstructures on the metal
support while preventing degradation of that support. One of these
new processes is the Reactive Spray Deposition Technology (RSDT).
With RSDT, it is possible to deposit a dense yttrium, ytterbium-co-
doped barium cerium zirconate (BaZr,,Ce,,Y,,Yb,,0;) electrolyte
which can operate effectively at temperatures about 500-600°C, as
well as a porous nickel-electrolyte cermet (Ni-BaZr,,Ce,,Y,,Yb,,0;)
anode, and a porous lanthanum strontium cobalt ferrite
(Lay¢Sry,Co,,Fey50;) cathode. By introducing cooling applica-
tions to the process, it is possible to deposit these materials using
the RSDT while keeping the metal support at an acceptably low
temperature to prevent degradation of the support material.

S4: Armor Ceramics - Challenges and New
Developments

Materials Characterization III
Room: Coquina Salon F
Session Chair: Jerry LaSalvia, Army Research Laboratory

1:40 PM

(ICACC-84-022-2018) Influence of Amorphization on Residual
Stress Development in Boron Carbide via Quasi-static and
Dynamic Vickers Indentation

M. Coovert*'; G. Parsard'; G. Subhash'
1. University of Florida, USA

Boron carbide ceramics are promising for use in structural and
armor applications due to their low density and exceptional hard-
ness. When subjected to high shear loads however, the material
experiences a collapse of crystalline order known as amorphization,
which is accompanied by a decrease in mechanical performance.
Micro-Raman spectroscopy is commonly used to confirm the
presence of amorphization in boron carbide, through the presence
of high wavenumber peaks in the Raman spectrum. This study
intends to provide a link between the presence of amorphization
and residual stress in boron carbide using a Raman spectroscopic
volume mapping technique in the regions surrounding quasi-static
and dynamic Vickers indentations. By repeatedly scanning an
indented surface and polishing away a small amount of material,
the amorphization volume beneath the indent is mapped. Further,
a relationship between stress state and the shifting of the nominal
1088 cm' characteristic peak is developed and utilized to map
residual stresses in the indentation volume. This use of piezospec-
troscopy reveals compressive stresses in the elastic matrix, offering
insight into possible volume expansion due to amorphization,
which aligns well with transmission electron microscopy imaging of
indented boron carbide.
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2:00 PM

(ICACC-$4-023-2018) Comparison of Amorphization Behavior
in Boron Carbide and Boron Suboxide

G. Subhash*'
1. University of Florida, Mechanical and Aerospace Engineering, USA

Among icosahedral boron-rich solids, boron carbide (B4C) has
garnered most attention due to its wide applicability in body
armor. In recent years another promising ceramic with similar
structure, boron suboxide (B60), has received increased attention
due to its properties being similar to those of B4C (e.g., low density
and high hardness). However, there are also major differences in
atomic structure and microstructure. While B4C has three-atom
chains (e.g., CBC) which connect to icosahedra, B60 has two
oxygen atom chain. B4C has many carbon-containing icosahedra
[e.g., (B,,C,)] and B60 exclusively has the more stable boron icosa-
hedra [i.e., (B,,)]. The closeness in boron and carbon size allows
polymorphism in B4C, whereas the large size difference between
boron and oxygen atoms makes B60 immune to polymorphism.
Most importantly, B60 is prone to extensive nanotwinning (twins
separated at nanometer distance) whereas nanotwins have not
been observed in B4C. These differences render the amorphization
mechanism to be dramatically different in both materials. Indeed,
Raman spectroscopy reveals new peaks beyond 1200 cm-1 in amor-
phized regions of B4C, whereas the Raman spectrum of virgin and
deformed B60 show no such differences although amorphous
bands appear to be the same. Using HR-TEM and DFT, a detailed
discussion is made on possible differences in mechanisms of amor-
phization in these materials.

2:20 PM

(ICACC-S4-024-2018) Evaluation of carbon additive on silicon
carbide- boron carbide composites sintered by spark plasma
sintering method

Z. Ayguzer Yasar*'
1. Rutgers University, Material Science and Engineering, USA

SiC and B,C have outstanding properties such as very high hardness,
a high Young’s modulus, high melting point and low density. Those
properties make SiC and B,C valuable hard material, especially
in the defence industry. Starck Alpha-SiC, Starck B,C and carbon
lampblack were used as starting materials. Powders were mixed with
ball milling in ethanol for 24 hours and sintered by spark plasma
sintering under vacuum 1950°C for 5min. Later on, density was
measured by Archimedes method, elastic properties were checked
by using ultrasound analysis, microstructure and grain size were
measured by FESEM, Hardness. The highest relative density was
99.9% and obtained with 10% SiC-1.5%C-88.5%B,C.

2:40 PM

(ICACC-S4-025-2018) Synthesis and Characterization of Dense
Aluminum Dodecaboride - Based Ceramics with Enhanced
Properties

T. Prikhna*’; R. A. Haber’ V. Domnich? P. Barvitskyi'; S. Dub'; M. Karpets®;

V. Muratov’

1. Institute for Superhard Materials of the National Academy of Sciences of
Ukraine, Ukraine

2. The State University of New Jersey, Department of Materials Science and
Engineering, Rutgers, USA

3. Institute for Problems in Material Scienceof the National Academy of
Sciences of Ukraine, Ukraine

Lightweight ceramic materials based on aluminum dodecaboride
(AIB,,) hold great potential for a wide range of applications, such
as protective armor or constructional ceramics for nuclear power
plants. Interest in higher aluminum borides and aluminum dodeca-
boride in particular exists for a long time. However, these materials
have not found widespread use because of the lack of industrial and
semi-industrial technologies for their powder production. Here, we
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present the results of the investigation of the structure and mechan-
ical properties of ceramic materials hot pressed from the submicton
AlB,, powder with and without the addition of carbon (C) and tita-
nium carbide (TiC). Temperature, pressure and composition on the
starting powder are optimized to obtain sintered bodies with desired
characteristics. X-ray diffraction, scanning electron microscopy and
Raman microspectroscopy are utilized to investigate phase composi-
tion, bonding properties and microstructure of the sintered ceramics.
The results of the measurements of micro- and nanohardness, frac-
ture toughness, bending and compressive strengths demonstrate
great potential of these materials for armor applications.

Synthesis and Processing I
Room: Coquina Salon F
Session Chair: Kristopher Behler, U.S. Army Reseach Lab

3:20 PM

(ICACC-S4-026-2018) Routes to formation of silicon doped
boron carbide powder (Invited)

C. Besnard'; A. Bhowmik’; L. J. Vandeperre'; F. Giuliani*'
1. Imperial College London, Department of Materials, United Kingdom

Boron Carbide is an extremely hard ceramic material with poten-
tial as a light weight ceramic armor. However, under shock-loading
conditions or non-hydrostatic unloading a pressure-induced
amorphization has been observed. These experiments under
non-hydrostatic conditions in the diamond anvil cell showed that
the amorphization occurs from relatively modest pressures, as low
as 25 GPa. Boron Carbide’s strength against impact and therefore its
applications as a superhard material are limited by this pressure-in-
duced amorphization. It has been shown that doping of boron
carbide can suppress this transformation under static loading condi-
tions, however previous processing routes have only yielded small
quantities of material. In this work we discuss processing routes
that could be suitable for scale up allowing meaningful quantities of
powder to be produced. Through the processing steps the structure
and chemistry of the powder was monitored by SEM, XRD, Raman
spectroscopy and XPS.

3:50 PM

(ICACC-$4-027-2018) Si-doping of Boron Carbide via Arc
Melting

Q. Yang*’; A. U. Khan'; C. Hwang'; V. Domnich’; R. A. Haber'
1. Rutgers University, Materials Science and Engineering, USA

Silicon doping is predicted to be an effective strategy to mitigate
amorphization in boron carbide. This opens up an avenue to design
next generation body armor against high-speed threats. However, to
fabricate sizable Si-doped boron carbide is challenging. In this work,
we directly doped Si into boron carbide by melting them into liquid
phase, in the attempt to diffuse more Si into boron carbide matrix.
In this work, B, sC were arc melted with 5 at. % of silicon (in
Ar, >3500°C) to study the solubility of Si in boron carbide. Multiple
melts were performed to ensure the homogeneity of the samples.
Microstructural details were revealed by scanning electron micros-
copy (SEM). X-ray diffraction (XRD) and Raman spectroscopy were
used to semi-quantify the Si concentration.

4:10 PM

(ICACC-S4-028-2018) Effect of sintering parameters on
densification and properties of B,C-TiB, composites densified via
Spark Plasma Sintering

A. M. Celik*'; C. Hwang'; R. A. Haber'
1. Rutgers University, Materials Science and Engineering, USA
Boron carbide is an important hard material for lightweight

armor applications due to its extreme hardness, low theoretical
density and high Young’s modulus. Titanium diboride is another

*Denotes Presenter

significant hard material and it exhibits ultra-high melting tempera-
ture, good chemical stability and high fracture toughness. To
combine above-mentioned properties in a hard ceramic, B,C-TiB,
composites could be manufactured. Various ratios of B,C and TiB,
powders were ball milled in ethanol for 24 hours using SiC media.
The precursors then were sintered using various parameters under
inert atmosphere via Spark Plasma Sintering (SPS) method to
fabricate dense samples. Chemical analysis, phase determination,
microstructure investigation, and mechanical property measure-
ments were performed to evaluate bulk ceramic samples. B,C-TiB,
composites with promising mechanical properties were manufac-
tured and tested.

4:30 PM

(ICACC-54-029-2018) Industrial applications of Direct Current
Based Spark Plasma/Field Assisted Sintering; Large Ceramic and
Composite Parts for Armor Based Applications

L. S. Walker*'
1. Thermal Technology, USA

Direct current sintering (field assisted/spark plasma sintering) has
nearly become the standard powder consolidation technique for new
materials in academia, however it has seen limited industrial appli-
cations. The acceptance of the technology has been slow to evolve
due to limited access to large industrial scale systems for proof of
concept work and little research published on parts beyond 50mm.
This work focuses on samples in the 100-200mm range of material
systems relevant to industry for armor and other advanced applica-
tions such as B,C, SiC, transition metal borides/carbides and ceramic
matrix composites. Processing details including challenges in the
scale up process, system setup for various materials and part unifor-
mity will be discussed. In addition work on characterizing these
materials for their microstructure and mechanical properties will be
shared to show the impact of processing on material properties.

4:50 PM

(ICACC-584-030-2018) Production of Functionally Graded Silicon
Carbide-Titanium Diboride-Aluminium Composites by Spark
Plasma Sintering Technique

M. Taner*’; G. Arslan’
1. Anadolu University, Material Science and Engineering, Turkey

In this study, production of functionally graded silicon carbide-ti-
tanium diboride-aluminium composites by spark plasma sintering
technique was investigated. Silicon carbide-titanium diboride-al-
uminium powder mixtures containing 70-90 weight % silicon
carbide-titanium diboride and 10-30 weight % aluminium were
sintered at 1600-1900C for 5 minutes by spark plasma sintering.
SiC-TiB,-Al composites were sintered in a single step by using
the spark plasma sintering method. Furthermore, the produced
SiC-TiB,-Al composites were designed as functionally graded
composite material (FGM) layers having different compositions
and/or residual porosity levels. Results obtained show that produced
composite FGM’s have a microstructure characterized by a co-con-
tinuous ceramic-metal network. Furthermore, it was determined
that the bulk density of the produced functionally graded composite
layers was always above 99,5 %, the hardness gradually decreased
from the front layer to the back layer, while the compressive strength
decreased in just the opposite manner.
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S$6: Advanced Materials and Technologies
for Direct Thermal Energy Conversion and
Rechargeable Energy Storage

Sodium Battery I
Room: Tomoka A
Session Chair: Palani Balaya, National University of Singapore

1:30 PM

(ICACC-S6-017-2018) New structures and new compositions
of electrochemically active vanadium-based phosphates for Na
batteries (Invited)

J. Chotard*'; C. Masquelier'; E. Boivin'; V. Kovrugin'; F. Chen'; T. Broux
L. Nguyen’ F. Lalére'; V. Seznec'; O. Mentré’; F. Fauth*; R. David';
L. Croguennec’

1. University de Picardie Jules Verne, LRCS, France
2. ICMCB-CNRS, France

3. UCCS, France

4. CELLS-ALBA Synchrotron, Spain

Recent electrochemical and structural investigations of vanadium-
based Na-containing phosphate compounds revealed the perspec-
tive of this chemical system for an exploration of new materials
for advanced Na-ion batteries. In order to get an in-depth under-
standing of this system, a serie of new phases was synthesized and
characterized by single crystal and operando powder X-ray diffrac-
tion analyses using laboratory and synchrotron X-ray sources,
combined with galvanostatic electrochemical tests, XAS, NMR and
EIS spectroscopies. A particular focus will be made on Na,V,(PO,),F,
for which a lot of discrepancies are reported throughout the liter-
ature considering its structure and electrochemical properties. In
fact, most of the compounds reported are slightly oxidized due to
synthesis conditions resulting in a partial oxygen substitution for
fluorine, and thus in mixed valence within the bi-octahedral unit
V,04F; O,. Also, we investigated the substitution of a part of vana-
dium by aluminum or iron in the crystal structures of the studied
compounds. As a result of our work in this research field, we discov-
ered and electrochemically characterized a novel mixed-valence
Na,,V**(V*0)(P,0,), compound, and two groups of new M**-
substituted phases, namely, Na,V,_ Al (P,0,),(PO,) (x =2 and 1)
and NASICON-type Na,V, M, (PO,); (x = 1 [M** = Al, Fe], 0.75 and
0.25 [M* = Al]).

2:00 PM

(ICACC-S6-018-2018) Efficient Binders for Rechargeable Li/Na
Batteries

N. Yabuuchi*’; S. Tanaka* T. Narutomi’; S. Suzuki’

1. Tokyo Denki University and Kyoto University, Japan
2. Tokyo Denki University, Japan
3. Denka Company Ltd., Japan

Rechargeable lithium batteries consist of two different lithium
insertion materials; positive and negative electrodes with electro-
lyte solution, in which a lithium salt is dissolved in aprotic solvent.
Since lithium containing oxides for positive electrode materials are
supplied as powder forms, polymer binders are used to make sheets
of composite electrodes coated on aluminum current collectors.
Recently, the polymer binders are being key materials to increase
energy density and to improve cyclability of lithium batteries. In
this study, polyacrylonitrile (PAN) possessing oxidation resistant
properties is targeted as a base polymer, and is copolymerized by
graft polymerization with poly(vinyl alcohol) (PVA) possessing
high adhesive strength through strong hydrogen bonds of hydroxyl
functional groups. Both polymers are known to be used as binder
for positive electrode materials. The PAN-grafted PVA (PAN-g
PVA) is a branched copolymer, and is used for a high-voltage spinel
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oxide for rechargeable Li batteries and oxide-based negative elec-
trodes for rechargeable Na batteries. From these results, possibility
of the branched copolymer as a non-fluorine binder is discussed for
advanced rechargeable Li/Na batteries.

2:20 PM

(ICACC-S6-019-2018) Na,Mn,0,: A suitable electrode material
for Na-ion batteries?

E. Adamczyk*'; V. Pralong'
1. CNRS CRISMAT, France

Manganese based oxide materials are promising cathodes for sodium
ion batteries due to their high energy density, low-cost and low-tox-
icity. Focusing on layered-type structures, the system Na-Mn-O is
extremely rich. These materials are interesting because they show
weak interlayer interactions with free space allowing sodium diffu-
sion. The phase Na,Mn,0,, synthesized by a conventional solid-state
method, is a lamellar phase with [Mn,0,”] layers, built up with edge
sharing MnO, octahedra, separated by NaO, and NaO; polyhedra.
The charge discharge profiles of this material have been performed
by a galvanostatic cycling at C/20 (1 Na" in 10h) in the potential
window 1.5-3.0 V versus Na*/Na. Starting from Na,Mn;0,, a revers-
ible capacity of 2 Na/f.u. (160mAh/g) is obtained through a plateau
at 2.1 V with a low polarization of 100 mV. The PITT curve reveals
a bell shape type response on the reversible phenomena illustrating a
biphasic activity. Thus, the electrochemical process allows a reduced
phase Na,Mn,O, to be obtained, which cans intercalate/de-in-
tercalate two sodium per f.u. reversibly. The ex situ XRD patterns
obtained for this reduced phase suggest a large atomic rearrange-
ment with the formation of a new structure with the composition
Na,Mn,O,. The mechanism of insertion as well as the structures
of the as-prepared and reduced phase will be discussed in this
presentation.

2:40 PM

(ICACC-S6-020-2018) 100 Ah Sodium Nickel Chloride Cells for
Efficient Energy Storage

M. Schulz*'; R. Weidl'; M. Hofacker'; B. Schiifiler'; L. Kiesel'; M. Stelter?

1. Fraunhofer IKTS, System Integration and Technology Transfer, Germany
2. Fraunhofer IKTS, Germany

Sodium nickel chloride batteries represent a highly efficient and
intrinsic safe energy storage technology. To break through the
economical restrictions from expensive production efforts and
sophisticated cell design a robust and simplified large cell was
developed. The complete production chain from raw material to
cell assembling was addressed by the developments. The conven-
tional manufacturing of the ceramic solid electrolytes by isostatic
pressing was transferred to highly productive cold plastic extrusion.
A well suited water based feedstock for extrusion was developed.
Rheological properties of the plastic masses were optimized by
varying of organic binders, moisture contents and process parameter
variation. The end capping of the electrolyte tubes was integrated
in the extrusion process by a particular die design. Tubes with a
diameter of 60 mm, a wall thickness of 2 mm and a length of about
600 mm were extruded successfully. The thin walled tubes were
dried and sintered at 1600 °C. Gas tight electrolytes with densities
higher than 97 % of the theoretical value and a 37 content of 94 %
were reached. A cell for a nominal capacity of 100 Ah cells was
designed under the objective of a maximized robustness and a mini-
mized number of components. FEM simulations supported the
constructive interpretation of the cell lid. First cells were assembled
successfully and tested by charging and discharging experiments.
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Sodium Battery II / Materials Characterization
Room: Tomoka A
Session Chair: Fei Chen, Wuhan University of Technology

3:20 PM

(ICACC-S6-021-2018) One Dimensional Nanomaterials for
Emerging Energy Storage (Invited)

L. Mai*!

1. Wuhan University of Technology, State Key Laboratory of Advanced
Technology for Materials Synthesis and Processing, China

One-dimensional nanomaterials can offer large surface area, facile
strain relaxation upon cycling and efficient electron transport
pathway to achieve high electrochemical performance. Hence,
nanowires have attracted increasing interest in energy related
fields. We designed the single nanowire electrochemical device for
in situ probing the direct relationship between electrical transport,
structure, and electrochemical properties of the single nanowire
electrode to understand intrinsic reason of capacity fading. As
the battery was charged and discharged repeatedly, lithium was
progressively incorporated into the electrode, causing it to lose its
crystalline structure and weakening its conductivity. Then, we iden-
tified the exciting electrochemical properties (including high electric
conductivity, small volume change and self-preserving effect) and
superior sodium storage performance of alkaline earth metal vana-
dates through preparing CaV,0, nanowires. We also constructed
a new-type carbon coated K,,Fe,:Mn,;0, interconnected nanow-
ires through a simply electrospinning method. The interconnected
nanowires exhibit a discharge capacity of 101 mAh g after 60 cycles,
when measured as a cathode for K-ion batteries. Our work presented
here can inspire new thought in constructing novel one-dimen-
sional structures and accelerate the development of energy storage
applications.

3:50 PM

(ICACC-S6-022-2018) In Situ study of electrochemical processes
at electrode/electrolyte interfaces (Invited)

T. Masuda*'

1. National Institute for Materials Science (NIMS), Research Center for
Advanced Measurement and Characterization, Japan

In energy conversion devices such as fuel cells, batteries and photo-
catalysts, various important processes take place at electrode/
electrolyte interfaces. Understanding of the interfacial processes is
essential to design highly efficient and durable electrode materials.
To date, various in situ techniques to investigate those interfacial
processes under electrochemical potential control have been devel-
oped. In this talk, in situ x-ray absorption fine structure (XAFS)
and atomic force microscopy (AFM) studies on fuel cell interfaces
and development of an in situ electrochemical x-ray photoelectron
spectroscopy (XPS) apparatus for the solid/liquid interfaces will be
presented.

4:20 PM

(ICACC-S6-023-2018) Analysing operando spectroscopy data in
battery studies: A chemometric approach (Invited)

L. Stievano*!
1. Université de Montpellier, ICGM - UMR 5253, France

Recently, a growing number of operando analyses have helped
unraveling the electrochemical mechanism of lithium and post-
lithium battery materials. The corresponding experiments usually
lead to large amounts of data, requiring long and time consuming
analyses. An alternative and innovating approach is using chemo-
metric tools such as Principal Component Analysis (PCA) and
Multivariate Curve Resolution (MCR). PCA is used to discover the
minimal particular structures in multivariate spectral datasets. In the
case of operando experiments, it allows determining the number of
independent components contributing to the whole dataset collected

*Denotes Presenter

during electrochemical cycling. The number of principal compo-
nents can then be used as the basis for MCR analysis, which permits
the stepwise reconstruction of the “real” spectral components.
A detailed description of MCR is given by Tauler et al. who also
proposed it for the analysis of in situ spectroscopic data, whereas its
intrinsic limits are discussed by Ruckebush et al. In this presenta-
tion, we will show how such approach can be effectively applied to
different techniques, such as Mossbauer and X-ray absorption spec-
troscopy, or transmission X-ray microscopy, for the comprehension
of the electrochemical mechanisms in batteries.

S7: 12th International Symposium on
Functional Nanomaterials and Thin
Films for Sustainable Energy Harvesting,
Environmental, and Health Applications

Synthesis, Functionalization and Assembly of 1D, 2D

and 3D Nanostructures I
Room: Coquina Salon C
Session Chair: Scott Barnett, Northwestern Univ

1:30 PM

(ICACC-S7-017-2018) Science and Engineering of Nanodiamond
Particles (Invited)

0. Shenderova*'; N. Nunn!; M. Torelli’; G. McGuire'
1. Adamas Nanotechnologies, USA

Despite that nanodiamond (ND) particles were discovered more
than 50 years ago and were mass produced in the early 80s, for a
long time they were in the shadow of their more famous sp” carbon
cousins. Recent major breakthroughs including production of
individual 4-5nm particles, NDs containing color centres exhib-
iting stable luminescence and advances in ND surface engineering
have brought ND particles to the forefront of materials research. It
is important to be aware, though, that the method of synthesis of
NDs influence their structure (morphology, size, state of doping
elements) and, therefore, other physical properties which ultimately
determine their use in niche applications. Nanometer size parti-
cles are produced by detonation of carbon-containing explosives
(called detonation nanodiamonds) or by grinding of microdiamond
powders produced by phase transformation of carbon precursors
under high pressure and high temperature (HPHT). While the
former are a source of single-digit NDs, the latter are the basis for
production of NDs containing color centers. A goal of this talk is to
provide a general background on the synthesis and processing of ND
particles, and to outline current and perspective applications of ND
in areas which have broad societal impact such as polymer nano-
composites, nanolubricants and the biomedical field.

2:00 PM

(ICACC-S7-018-2018) Integrating energy storage and light
harvesting: a melanin photocapacitor (Invited)

C. Santato*'
1. Ecole Polytechnque de Montreal, Canada

Eumelanin is a black-brown biopigment found in the human body,
in other mammals, reptiles, amphibians and fishes as well as in
invertebrates, such as cuttlefish and insects. Eumelanin extracted
from the ink sac of cuttlefish is commonly called Sepia melanin.
The heterogeneous eumelanin macromolecules are constituted
by the building blocks 5,6-dihydroxyindole (DHI) and 5,6-dihy-
droxyindole-2-carboxylic acid (DHICA). The building blocks
can polymerize at different positions. Different redox states of the
building blocks (hydroquinone, semiquinone and quinone) coexist
in eumelanin. Here we report on the cyclic voltammetric behavior,
in acidic electrolyte buffers, of chemically controlled eumelanins
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obtained from the solid-state polymerization of the DHI and
DHICA building blocks as well as of natural eumelanin, Sepia.
Eumelanin samples were fabricated on carbon paper electrodes and
studied in electrolytes including monovalent (NH,*, Na*, K*) and
divalent (Cu®" Fe’") cations. Considering the optical properties of
eumelanin, we decided to contribute to the development of biolog-
ically derived organic solar photocapacitors, integrating the energy
storage and solar energy conversion functions. Exposing the eumel-
anin electrodes to simulated solar light clearly increased the charge
stored by the melanin electrodes.

2:20 PM

(ICACC-S7-019-2018) Novel carbon-based catalyst for clean
energy applications, specifically hydrogen generation (Invited)

D. Chua*'

1. National University of Singapore, Materials Science & Engineering,
Singapore

Electrocatalysts are critical to increase reaction rates and control
selectivity in many electrochemical reaction. Rational design and
synthesis of material with controlled structures and morphologies
from nanoscale to microscale are of utmost importance in order
to achieve optimal performances. Today’s catalyst goes beyond
traditional metals such as Pt and Fe and specifically in the area of
hydrogen generation (or hydrogen evolution reaction), we shall like
to report on a new generation of 0D, 1D and 2D nanocomposites
in the chalcogenide and phosphide family which shows very good
promise. As a part of this electrochemical system strongly depends
on the catalyst support. We further show that the formation of
hybrid core-shell nanostructures utilizing carbon materials as a base
template effectively enhance the performance and extend the range
of applications. Other than HER, these applications include PEM
fuel cells and Li batteries. For example, MoS2 coated graphene/
carbon nanotubes formed excellent catalytical activity in HER and
PEM fuel cell applications while MoS2 on carbon nanotubes are
highly effective electron emitters.

2:40 PM

(ICACC-S7-020-2018) Effect of Reactive Additives on
Polysiloxane Derived SiOC Porous Ceramics (Invited)

K. Lu*'; D. Erb!
1. Virginia Tech, USA

Silicon oxycarbide (SiOC) is a class of polymer-derived ceramics
that enables the formation of a homogeneous structure at the
molecular level starting from polymer precursors. Porous SiOC
is a promising material for many applications such as electrodes
in lithium ion batteries, catalyst supports, thermal barriers, gas
separation membranes, and lightweight components. Because
of the flexibility of molecular level composition and microstruc-
ture designs, the systems can be made porous with high specific
surface areas by changing the precursor compositions and the
ceramization conditions. In this study, in-situ conversion of tetra-
ethyl orthosilicate (TEOS) into SiO, and its incorporation into
silicon oxycarbide (SiOC) ceramics during the polysiloxane ceram-
ization are investigated. The effect of the TEOS-derived SiO,
on the phase development within the SiOC matrix at pyrolysis
temperatures between 1100°C and 1400°C is studied using X-ray
diffraction and nitrogen adsorption after etching the resulting
SiOC with hydrofluoric acid. The SiOC with 10 wt% TEOS within
the crosslinked polymer creates the highest specific surface area of
~2100 m?/g. The ability to drastically alter the specific surface area
of the ceramics through the use of pyrolysis atmosphere and the
addition of organic additives presents a promising processing route
for porous SiOC ceramics.
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Functional Nanostructures for Energy Conversion
and Storage and Catalysis II

Room: Coquina Salon C
Session Chairs: Olga Shenderova, Addmas Nanotechnologies;
Clara Santato, Ecole Polytechnque de Montreal

3:20 PM

(ICACC-S87-021-2018) Green chemistry strategies for sustainable
functional materials (Invited)

I. Concina*'

1. Lulea Tekniska Universitet, Sweden

Accessing sustainable energy applications through the use of nano-
materials calls for the development of strategies complying with
the principles of green chemistry and enhancing functionality
while at the same time reducing the costs for material and device
production. This lecture focuses on vacuum free, cheap and scal-
able strategies delivering i) ZnO single-crystal nanostructures, ii)
reduced graphene oxide@ZnO composites and iii) plasmonic metal
nanoparticles@ZnO architecture to be applied as electrodes in solar
energy converting devices and photocatalysts for water remedia-
tion. Emphasis will be given to the management of critical material
properties such as light management and charge transport through
the tuning of material aspect. The potential held by ZnO to act as a
multifunctional platform for energy and environmental applications
will be also discussed. Finally, the limits we are currently facing in
these fields as materials scientists will be as well highlighted.

3:50 PM

(ICACC-S87-022-2018) Electrochemical Conversion of CO, In
Solid Oxide Cells Utilizing Nano-Scale Electrodes (Invited)

S. Barnett*!
1. Northwestern Univ, USA

Solid oxide cells provide a highly efficient means for carrying
out high-temperature electrolysis of CO, and CO,/H, mixtures.
Applications include renewable fuel production, electricity storage,
CO production, and in situ resource utilization on Mars. This talk
will focus on grid-sale storage of electrical energy, which is becoming
an increasingly important problem as the utilization of intermittent
renewable electricity sources increases. This talk describes reversible
solid oxide cells (ReSOCs) that electrolyze H,0-CO,-rich mixtures
to a CH,-rich fuel. In order to reach cell performance targets at the
desired operating temperature, nanoparticle-based electrodes are
being utilized. The ReSOC fuel electrode catalyst material is nano-
scale Ni, formed either by wet impregnation or exsolution of Ni
from a perovskite oxide. The highest-performance oxygen electrodes
contain nano-scale perovskite oxide catalysts such as (Sm,Sr)CoO;.
The long-term stability of the nano-scale electrodes at ReSOC oper-
ating temperature is discussed.

4:20 PM

(ICACC-S7-023-2018) Perovskite Solar Cells with Structure
Engineering (Invited)

Q. Dai*!

1. Jackson State University, Physics, USA

Considering recent energy demand, it is obvious that the devel-
opment of renewable energy sources and high efficient devices
are indispensable. Solar cells are believed to be very promising to
replace fossil energy to solve the energy crisis. Perovskite solar cells
(PSCs) is very promising to dominate solar cell market due to their
high efficiency. However, it is still challenging to prepare PSCs
with high efficiency and high stability, for outdoor applications.
Structure engineering including interface layer manipulation and
nanoparticle incorporation are used to improve the stability and
efficiency of PSCs. Moisture stability of the devices are improved by
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hydrophobic layer induced into PSCs. UV light stability is enhanced
by light converter, which can convert UV light into visible light.
The converted light will be used by devices to achieve a higher
efficiency. Metallic nanostructures are introduced into devices
to increase the optical path length of the incident light leading to
improved light harvesting and increased device performance. PSC
efficiency was improved to 18% by structure engineering, which is
very promising for practical applications. Solar energy storage effect
is also obtained by integrating afterglow fluorescence nanomaterials
into PSC devices to realize solar cells working in dark conditions.

4:40 PM

(ICACC-S7-024-2018) Synthesis and Characterization of Ni/GDC
Nanostructured Cermet Catalysts for Hydrogen Production

A. Caravaca'; S. Picart'; B. Arab-Chapelet’; P. Vernoux’; T. Delahaye*’

1. CEA, DMRC, France
2. IRCE Lyon, France

In this study we developed novel materials based on Ni supported
on Ce(3;Gd,,0,4 (GDC), to be used in the H, production tech-
nology. GDC as catalyst carrier is known to limit the coke formation
in H, production processes. However, previous studies dealing
with the catalytic reforming of methane over Ni/GDC materials
(Ni loading ~10 %) show important structural limitations, such as
the high particle size of the Ni particles (~ 30 nm), and their low
specific surface area (~20-40 m?/g). In this work we developed novel
Ni/GDC cermet (ceramic-metal) materials by the Weak Acid
Resin (WAR) method. This synthesis procedure allows to prepare
Ni/GDC materials in one step. In addition, in order to enhance the
surface area of these materials, Ni was partially dissolved. The whole
procedure led to catalysts with high metal loadings (= 10 %), small
Ni nanoparticles (< 10 nm), and high surface areas (> 70 m*/g),
exhibiting therefore promising properties in view of their further
utilization for the H, production technology.

5:00 PM

(ICACC-S7-025-2018) Au@Cd1-xZnxSe Yolk@Shell Nanocrystals
with Tunable Compositions for Photocatalytic Hydrogen
Production

J. Wu*!
1. National Chiao Tung University, Taiwan

The yolk@shell nanocrystals with void space offer large surface
area and homogeneous environment for reactant molecules,
both of which are favorable for photocatalytic reactions. Here we
demonstrated the use of Au@Cd1-xZnxSe yolk@shell nanocrys-
tals for practical photocatalytic hydrogen production. The samples
were prepared by conducting anion exchange reaction on Au@
Cu2Se yolk@shell nanocrystals which were obtained by performing
sulfidation treatment on the initial Au@Cu20 core@shell nano-
crystals. The superiority of Au@Cdl-xZnxSe was attributed to
the pronounced charge separation caused by the Au core as well
as the abundant active sites endowed by the yolk@shell structures.
The varied composition of Cd1-xZnxSe further endows tunable
band structure, extending solar spectrum harvesting to promote
carrier generation.

*Denotes Presenter

S8: 12th International Symposium on
Advanced Processing and Manufacturing
Technologies for Structural and
Multifunctional Materials and Systems

(APMT12)

Unique Processing I

Room: Coquina Salon A

Session Chairs: Tohru Suzuki, National Institute for Materials
Science; Satoshi Tanaka, Nagaoka University of Technology

1:30 PM

(ICACC-S8-015-2018) Electrospinning as manufacturing
technology for bioactive calcium phosphate layer deposition from
biogenic raw materials (Invited)

K. Balazsi*'; C. Balazsi'
1. Centre for Energy Research HAS, Hungary

There are more than 400 000 hip joint operations made every year
in the word and there are some 25 000 000 people who have either
a partial or a total hip replacement. It has been estimated that the
aged people population has increased tremendously in recent past
and there will be seven times increase. Whit time, the wear and risk
of the implant loosening increases so that after 10 years 10-20% of
the implants have to be renewed. The materials used for artificial
implants by default are TiAl6V4, Ti alloy and ceramics. Despite
application of different biocompatible materials with properties
of native joints has not been found to date. Biomaterials used for
implant should possess some important properties in order to long-
term usage in the body without rejection and should be made with
properties as excelent biocompatibility, superior corrosion resistance
and non-toxic. Ceramic structures at the nanometre range have been
proven to have improved properties and characteristics that differ
from their bulk, allowing for opportunities in novel technological
applications. Ceramic layers with some advantages, including a very
high surface-to-volume and aspect ratio can be processed by cheap
and quick method; electrospinning. This presentation reviews results
on the electrospinning of various bioceramic lyaers their potential
applications in the biomedical field.

2:00 PM

(ICACC-S8-016-2018) Mechanical properties of alumina with
crystalline orientation controlled by a magnetic field

T. S. Suzuki*'; T. Uchikoshi'; B. Kim'; K. Morita'; Y. Sakka'
1. National Institute for Materials Science (NIMS), Japan

Tailored microstructure in materials is important to improve their
mechanical and functional properties. Crystallographic orienta-
tion is one of the effective way in ceramics as well as metals. We
already reported that crystalline orientation can be controlled by a
magnetic field even in diamagnetic ceramics. Ceramics particles
with asymmetric crystal lattice structure show anisometric magnetic
susceptibility. When the ceramics particles dispersed in the solvent
are located in the strong magnetic field, the particles were rotated to
an angle minimizing the system energy by a magnetic torque gener-
ated from the interaction between the magnetic anisotropy and the
applied magnetic field. After consolidation of alumina slurry in a
magnetic field, the compact bodies are sintered by electric furnace
or SPS without a magnetic field. The c-axis of alumina was aligned
uniaxially parallel to the magnetic field. The bending strength of
textured alumina was higher than that of random alumina at room
temperature and high temperature. High temperature deformation
of alumina depends on the orientation direction and enhanced to
the direction at 45-degree angle to the crystallographic orientation.
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2:20 PM

(ICACC-S8-017-2018) Magnetic freeze casting inspired by nature
J. McKittrick*'; M. B. Frank®; M. Porter’; M. Meyers'

1. UC San Diego, USA

2. Clemson University, Mechanical Engineering, USA
3. nanoComposix, USA

Magnetic field aligned freeze casting is a novel method to fabricate
porous, anisotropic ceramic scaffolds with a hierarchy of architec-
tural alignment in multiple directions. A weak rotating magnetic
field applied normal to the ice growth direction in a uniaxial freezing
apparatus allowed the manipulation of magnetic nanoparticles to
create different pore structures and channels with long-range order
in directions parallel and perpendicular to the freezing direction.
Porous scaffolds consisting of different host ceramics as particles or
platelets (hydroxyapatite (HA), ZrO,, Al,O;, or TiO,) mixed with
varying concentrations (0-9 wt%) of Fe,O, nanoparticles were fabri-
cated by freeze casting under no magnetic field and a static magnetic
field of 0.12 T. The HA, ZrO,, and Al,O; scaffolds showed biphasic
material properties with separate Fe,O,-rich and Fe;O,-poor regions.
The TiO, scaffolds showed homogeneous distributions of Fe,O,
throughout the macrostructures, which resulted in aligned pore
channels parallel to the magnetic field, normal to the ice growth
direction. In the magnetic field direction, the compressive strength
and stiffness of the scaffolds containing was doubled. The enhanced
mechanical performance of the field aligned scaffolds are the result
of the long-range microstructural order in multiple directions—(1)
the magnetic field direction and (2) the ice growth direction.

2:40 PM

(ICACC-S8-018-2018) Grain-oriented polycrystalline transparent
alumina ceramics prepared by colloidal processing

S. Tanaka*'

1. Nagaoka University of Technology, Materials Science and Technology,
Japan

Grain-oriented alumina ceramics with high transparency was
successfully fabricated through colloidal processing in a high
magnetic field and sintering with hot isostatic pressing. Until now,
many efforts have been taken place to improve its optical property.
However, the transparency is limited by light scattering at the grain
boundaries due to the birefringence of alumina crystals. The objec-
tive of this study was to fabricate highly transparent grain-oriented
alumina ceramics through processing in a magnetic field with subse-
quent hot isostatic pressing (HIP). Very fine a-alumina powders
were used as raw materials. An alumina slurry with a high solid
concentration of 45 vol.% was prepared in an aqueous system.
As dispersant, Tiron reagent with a concentration with respect
to alumina was used. The slurry viscosity was optimized using a
rheometer. A plastic vessel (¢:25 mm) containing slurry was placed
in magnetic field of 10 T, which was induced by a superconducting
magnet. C-axis of each particle in the slurry oriented to parallel to
the magnetic field. The dried specimens were vacuum-sintered at
1350 °C for 1 h and followed by the final HIP process at 1300 °C
to arrest grain growth. Result shows the in-line transparency of
grain-oriented alumina specimens 78% at wave length 650 nm. Their
in-line transmission was 84.5% to that of sapphire single crystal.

3:20 PM

(ICACC-S8-019-2018) The Effect of Tape Casting Parameters on
TGG Texture Alignment

R. L. Walton*'; M. D. Vaudin’ A. Hofer’; E. R. Kupp'; G. L. Messing'

1. Pennsylvania State University, Materials Science and Engineering, USA

2. National Institute of Standards and Technology, USA
3. MontanUniversityet Leoben, Austria

Textured ceramics for use in structural and electronic applications
can be evaluated by texture fraction and degree of alignment. To
date there has been almost no research on texture alignment during
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texturing processes. This paper reports how tape casting parameters
and rheology influence the alignment quality for a TGG textured
alumina model system. Using rocking curves to analyze alignment,
we show that viscosity and the slope of the velocity gradient are
the primary factors affecting template alignment. The results are
explained with a Couette flow model and torque on the template
particle. The highest quality texture is measured when the torque on
the template particles is not severe enough to cause over-rotation of
the particle, but the torque applied is enough to orient the particle.
A higher viscosity slurry will increase this torque limit, as it will be
more difficult to rotate a particle in a higher viscosity slurry.

3:40 PM

(ICACC-S8-020-2018) Robocasting of solid state sintered SiC
J. Teo*'; L. J. Vandeperre'; E. Saiz'

1. Imperial College, Materials, United Kingdom

Additive manufacturing of ceramics is gaining substantial interest
especially for complex parts and small production volumes.
Robocasting is one of such additive manufacturing processes for
ceramics and consists of the continuous extrusion of filaments of
ceramic paste. This is followed by drying and sintering. While in
the past robocasting has been used extensively for porous scaf-
folds, it is now increasingly being investigated for the production of
complex shaped, dense, parts too. In this paper, the robocasting of
solid state sintered silicon carbide will be described. Previous work
on robocasting of silicon carbide used oxide additives resulting in
liquid phase sintering. This reduces the resistance to creep for high
temperature use and therefore in this work a robocasting slurry
was developed for solid state sintered SiC using 5 wt% B4C and 2
wt% carbon as sintering additives. Aqueous slurries containing
in between 38 and 45 vol% solids and in between 18 and 25 wt%
Puronic F127 were prepared and used in printing tests to optimise
the slurry. The Robocasted SiC parts were then pressureless sintered
to full density at temperatures up to 2200 °C. The hardness, elastic
modulus and flexural strength of the samples are reported.

4:00 PM

(ICACC-58-021-2018) Low temperature synthesis and
electrochemical characterization of LiMn,O, prepared by a
polymeric steric entrapment precursor route

D. Ribero*’; K. Tseng'; W. Luo'; S. J. Dillon'; W. M. Kriven'
1. University of Illinois, Materials Science and Engineering, USA

A nano/microscale and pure crystalline LiMn,0, (LMO), was
synthesized in a low temperature single step, using the polymeric
steric entrapment method, from precursor chemicals of LiINO, and
Mn(NO;), ® 4H,0 stoichiometrically dissolved in distilled water.
An 80% hydrolyzed polyvinyl alcohol (-[CH,~CHOH]-n or PVA)
was used as the organic carrier for the precursors, which served as
entrapper of the metal ions, fuel for the exothermic reactions and
reducing agent for the intermetallic cation (Mn). The influence
on the physical/chemical/electrochemical characteristics of the
powders by processing variables such as drying procedures, amount
of polymer (cation:organic ratio), characteristics of the exothermic
reaction (C/N ratio), calcination/crystallization atmosphere and
temperature, were investigated. The powders synthesized at 300°C
(nano-sized), 500°C, 700°C (micron-sized) exhibited specific surface
areas of 14.6 m’/g, 12.3 m*/g and 6.4 m’/g, respectively. The specific
capacities evaluated at C/10 for the 300°C, 500°C and 700°C
powders were 93.3 mAh/g, 110 mAh/g 131.8 mAh/g, respectively.
In all cases the powders produced in this work performed similar
or even better than the commercial LMO) powders measured under
the same conditions.
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4:20 PM

(ICACC-S8-022-2018) Low-temperature synthesis of micron-
sized LiNi, ;Mn, ;O, particles by solid-state reaction in water
vapor

D. Hirobe*'; T. Kozawa'; M. Naito'

1. Osaka University, Joining and Welding Research Institute, Japan

LiNi,sMn, ;O, is one of the promising high-voltage cathode mate-
rials for high-energy lithium-ion batteries (LIBs). However,
traditional organic electrolytes suffer from oxidative decomposi-
tion owing to the high working voltage of LiNi,;Mn, ;O,. Hence,
the LiNi,;Mn, ,O, cathode with a small particle size, which has
a large surface area, causes a fall in cycle performance of LIBs.
Although the micron-sized LiNi,;Mn, ;O, powder can be produced
by a solid-state reaction, this method requires high calcination
temperatures. Moreover this high-temperatures heating leads to
the formation of secondary phases by partialy oxygen release from
LiNi,;Mn, ;O,. Here, we propose the solid-state reaction in water
vapor for producing micron-sized LiNi,;Mn, ;O, powders at a lower
temperature than in air. In a water vapor atmosphere, the formation
of LiNi,;Mn, ;O, particles and the subsequent particle growth were
promoted at low temperatures. Better electrochemical performances
of LIBs were exhibited for the LiNi,;Mn, ;O, cathode obtained in
water vapor than that in air.

4:40 PM

(ICACC-S8-023-2018) Study of the tape casting-calendaring
process for fabricating ceramic substrate

S. Wang*'; H. Lan'; W. Wang'; Y. Huang'
1. Shantou University, Department of Mechatronics Engineering, China

Due to the advantages of high thermal conductivity, good insu-
lation, compatible thermal expansion coefficient with the chip,
ceramic substrate has been paid great attention in the recent years.
The forming process of ceramic has a great influence on the quality
and performance of ceramic substrate. Based on the application of
ceramic substrate for electric package, a new technology combined
tape casting and calendaring process for preparing ceramic substrate
was proposed in this paper. Micro and nano multi-scale ceramic
powders were mixed as raw material. The ceramic green tape with
micro-nano hierarchical structure was prepared by tape casting
plus calendaring process. Finally, the ceramic substrates were
sintered under 1573 to 1873K. The microstructure and proper-
ties of the ceramic substrates prepared by tape casting-calendaring
process were studied. Experimental results showed that the Al,O,
ceramic substrate sintered at 1873K with no additives exhibits good
performance with relative density of 96.9%, z-axis shrinkage rate of
11.65%, dielectric constant of 9.5, thermal conductivity of 23.8W/
(MK).

S$12: Advanced MAX/mxene Phases and
UHTC Materials for Extreme and High
Temperature Environment

Different Perspectives on Designing of MXenes
Room: Tomoka B
Session Chair: Surojit Gupta, University of North Dakota

1:30 PM

(ICACC-S12-021-2018) MXene: What we know and do not know
about their surface terminations (Invited)

M. Barsoum*'
1. Drexel University, Materials Science and Engineering, USA
The 2D early transition metal carbides known as MXenes - obtained

by etching the A-layers from the MAX phases - were discovered
in 2011 and have generated substantial interest in the scientific

*Denotes Presenter

community because of their potential in an ever expanding host of
applications. Unlike hydrophobic graphene, MXenes are hydrophilic
and behave as “conductive clays” a hitherto unknown combina-
tion. Along the same lines, because the density of states at the Fermi
level is substantial and the electric conductivity, for the most part,
metal-like, MXenes can be considered as 2D metals that are surface
terminated by OH and similar groups. Said otherwise, they posses a
metallic core with a hydroxide shell. The surface terminations that
are typically a combination of O, OH, and/or F. It is for this reason
that the proper chemical description is M,,, X, T,, where T represents
a surface termination. Quantifying and understanding the latter
is non-trivial, but key to many applications and scientific under-
standing. Using careful XPS analysis, ion exchange experiments
and others, it is possible to quantify the surface terminations and
show that for the most part the sum of the negative charges corre-
sponding to the surface terminations depend on MXene chemistry.
The ramifications of these insights on ion exchange capabilities,
delamination, energy storage, and interlayer spacings are important
and will be discussed.

2:00 PM

(ICACC-S12-022-2018) Prediction and synthesis of a family
of MAX phases and MXenes with in-plane chemical ordering
(Invited)

J. Rosen*!

1. Department of Physics, Chemistry and Biology, Sweden

The exploration of two-dimensional solids is an active area of mate-
rials discovery. A more recent addition to the 2D world are MXenes,
obtained by selective etching of the A-layer from parent MAX phases
(where M is a transition metal, A is an A-group element, X is C
and/ or N). Recently, a new type of atomic laminated phases coined
i-MAX was reported, in which the M-atoms in (M1,,;M2,,,),AlC are
chemically ordered. The first phase discovered was (Mo,,;Sc,,;),AlC,
and we here show that this was a first example of a potentially large
family of stable phases, exemplified through theoretically predicted
and experimentally verified (V,;Zr,;),AlC, (Mo,,Y,;),AlC, and
(Cr,35¢,,3),AlC. Using i-MAX for MXene synthesis allows a new
route for tailoring the MXene structure and composition: By
employing different etching protocols, we can i) remove only the
Al atoms, and obtain a MXene with in-plane elemental order,
or ii) remove Al and one of the M-elements, and obtain a MXene
with ordered vacancies. We show that the difference in the MXene
structure and composition have a drastic influence on, e.g., trans-
port properties and potential for energy storage applications. One
example is Mo, ;;C with vacancies, which exhibits a 65% higher volu-
metric capacitance than its counterpart, Mo,C, without vacancies.
This materials design on atomic level expands the property tuning
potential of MXenes.

2:30 PM

(ICACC-S12-023-2018) MXenes as Host Materials for Ions
(Invited)

M. Naguib*'
1. Tulane University, Physics and Engineering Physics, USA

MXenes are two-dimensional transition metal carbides and
carbonitirdies with composition of M, ,, X, T, where M is an early
transition metal (e.g. Ti, V, Mo, Nb) and X is either carbon or
nitrogen, T, stands for a mixture of surface terminations (e.g. O, OH,
F, Cl), and n can be 1, 2, or 3. They exhibit an excellent electrical
conductivity, excellent capability to host various ions in-between
the layers and redox active sites on the surface. Thus, they can be
used as electrode materials for various ion batteries (e.g. Li, Na, K)
and Pseudocapacitors with an excellent cyclability to handle high
cycling rate. For example, Mo,C showed a reversible capacity of
570 mAh/g at a specific current of 400 mA/g when tested as anode
material in Li-ion batteries (LIBs). At very high specific currents
such as 5 A/g and 10 A/g, reversible capacities of 250 mAh/g and
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75 mAh/g, respectively, were found to be stable over 1000 cycles.
In this presentation I will focus on the performance of MXenes as
electrode material hosting ions for batteries and the effect of ions
intercalation on the structure and behavior of MXenes.

Novel Synthesis Paradigm and Unique Properties of

Mxenes-1

Room: Tomoka B

Session Chairs: Michael Naguib, Oak Ridge National Laboratory;
Konstantina Lambrinou, SCK-CEN

3:20 PM

(ICACC-S812-024-2018) Ordered quaternary MAX phases and
their 2D ordered double-transition metal carbide MXenes
(Invited)

B. Anasori*’; Y. Gogotsi'
1. Drexel University, Materials Science and Engineering, USA

In 2014, a new chapter was added to the story of MAX phases, when
ordered quaternary MAX phases were discovered, in which two
transition metals occupy separate atomic layers in the M,,,X,, of
MAX phases (n = 2, 3). For example, when Mo and Ti elements are
mixed to make M;AIC,, an ordered phase is formed, in which a layer
of Ti atoms is sandwiched between two layers of Mo atoms, instead
of a random mix of Ti and Mo in the three M layers of the M,C,.
In three years, more than thirty ordered quaternary MAX phases
of M',M"AIC, and M',M",AIC; have been predicted and about 10
of them have already been synthesized. All these phases have only
aluminum as their A element, which implies several more ordered
MAX phases are waiting to be explored and synthesized. By selective
etching of the aluminum layers, two-dimensional (2D) double-tran-
sition metal carbides (MXenes) have been made, such as Mo, TiC,,
Mo,ScC,, Cr,TiC,, and Mo, Ti,C,, significantly expanding the family
of 2D carbides. By controlling the atomic layer ordering in MXenes,
we can further tune their electronic, optical, electrochemical, and
magnetic properties. In this talk, we present the structure, and
stability of ordered quaternary MAX phases followed by the proper-
ties and applications of their ordered double-M MXenes.

3:50 PM

(ICACC-S12-025-2018) Thermal Transport Properties of
Functionalized MXene monolayers (Invited)

D. Cakir*'; S. Sarikurt?; C. Sevik’; M. Keceli*

1. University of North Dakota, Physics and Astrophysics, USA
2. Dokuz Eylul University, Turkey

3. Anadolu University, Turkey

4. Argonne National Lab, USA

MXenes are the newest class of 2D materials, and they offer
a great potential in thermoelectric. In this study, we investi-
gated the lattice thermal transport properties of two different
functionalization models (model 1 and model 2) of M2CO2 (M=Ti,
Zr, Hf, Sc) MXenes using Density Functional Theory and the
Phonon Boltzmann Transport Theory. Due to the coupling among
different phonon modes, Peierls-Boltzmann transport equation is
always solved under some approximations, namely single mode
relaxation time approximation and iterative solution. We used both
approximations to calculate thermal transport properties of MXenes.
We found that thermal conductivity strongly depends on the struc-
tural model of MXene and type of metal atom. For instance, thermal
conductivity of model 2 structure of Ti2CO2 is about three times
larger than that of model 1. By changing absorption site of func-
tional groups, we can significantly tune thermal conductivity. In
other words, the surface chemistry tunability of MXenes monolayers
gives us an opportunity to modify thermal properties of this class of
2D materials in a controllable manner, which is absent in other 2D
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crystals. Model 2 configuration of Ti2CO2 has the lowest thermal
conductivity as compared to the same configurations of Zr2CO2 and
Hf2CO2. Our calculation suggested that Ti2CO2 would be a good
candidate for next-generation thermoelectric applications.

4:20 PM

(ICACC-S812-026-2018) Thermodynamic Studies of MAX and
MXene Phases (Invited)

G. Sharma*'; M. Naguib’; E. Muthuswamy'; D. Wu’; Y. Gogotsi;
A. Navrotsky'

1. University of California Davis, Peter A. Rock Thermochemistry
Laboratory and NEAT-ORU, USA

2. Oak Ridge National Laboratory, Materials Science and Technology
Division, USA

3. Washington State University, Pullman, The Gene and Linda Voiland
School of Chemical Engineering and Bioengineering, USA

4. Drexel University Philadelphia, Department of Materials Science and
Engineering, USA

Recently, MXenes have garnered significant attention because they
offer unique combination of metallic conductivity in the sheets, ion
exchange and hydration between the layers, and show attractive
electrochemical properties. Here, we report enthalpies of forma-
tion from the elements measured using high temperature oxide
melt solution calorimetry for a layered MAX phase, and the corre-
sponding clay-like MXene. The thermodynamic stability of the
MXene is assessed by calculating the enthalpy of reaction in aqueous
solution. Our results show that, the surface terminations and cations
chemisorbed on the surface and in the interlayers play a major role
in the thermodynamic stabilization of MXene. This work also inves-
tigates the energetics of alkali ion exchange in clay-like MXenes
using aqueous solution immersion calorimetry which suggests that
K" ions interact more strongly with anions present in the interlayers
than Na* and Li* ions. Water vapor adsorption calorimetry indicates
very weak interaction of water with the MXene while immersion
calorimetry suggests weakly hydrophilic nature of MXene surface.

4:50 PM

(ICACC-S12-027-2018) Chemical Origin of Termination-
Functionalized MXenes: Ti,C,T, as a Case Study

T.Hu*'; Z. Li'; M. Hu'; J. Wang’; Q. Hu'; Q. Li% X. Wang'
1. Institute of Metal Research, Chinese Academy of Sciences, China

2. Yantai University, The Laboratory of Theoretical and Computational
Chemistry, School of Chemistry and Chemical Engineering, China

MZXenes represents a burgeoning family of two-dimensional (2D)
functional materials with a variety of applications that highly rely
on termination-mediated surface functionalization, but the under-
standing of termination is limited. Here, we take Ti,C,T, (T = O, F,
OH and H) as an example of MXenes, to demonstrate how termi-
nation stabilizes the Ti,C, monolayer matrix through saturating the
nonbonding valence electrons of surface Ti atom by the low-energy
orbitals of the termination. This is achieved by orbitally resolved
density of states analysis through simply yet efficiently manipu-
lating the internal coordination of octahedral crystal field to match
exactly the Cartesian coordination. Highly degenerate 3d orbitals of
surface Ti split in such a way that exhibits pseudogaps whose widths
predict a stability order: Ti,C,0, > Ti,C,F, > Ti,C,(OH), > Ti,C,H,
> Ti,C,, consistent well with Bader charge analysis, thermodynamic
calculations and experimental results. This new criterion could
get implications in the general context of ubiquitous termination
phenomenon of MXenes and other relevant termination-function-
alized 2D materials.
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S13: Advanced Ceramics and Composites for
Nuclear Fission and Fusion Energy

Novel Ceramics for Nuclear Energy

Room: Coquina Salon H

Session Chairs: Takaaki Koyanagi, Oak Ridge National Laboratory;
Sosuke Kondo, Kyoto University

1:30 PM

(ICACC-S13-019-2018) ATF material development of SiC with
enhanced safety LWR core (Invited)

K. Kakiuchi*'; M. Akimoto'; S. Suyama'; M. Ukai'; H. Heki'; A. Kawaguchi’
T. Takagi’; Y. Sato’; Y. Taniguchi®; T. Goto*; Y. Kagawa’; S. Yamashita®

1. Toshiba Corporation, Japan

IBIDEN Co., LTD., Japan

Nuclear Fuel Industries Ltd., Japan
IMR Tohoku University, Japan

Tokyo University of Technology, Japan
Japan Atomic Energy Agency, Japan

SN

Toshiba has been conducting ATF development, involving Japanese
industries and national universities since 2008. We identified that a
silicon carbide (SiC) ceramic will be the most promising candidate
for ATF material based on the comprehensive feasibility studies.
The development is accelerated by the lessons of the Fukushima
Daiichi nuclear power plant accident. We and the project partners
are making efforts to develop SiC/SiC composite for ATF material.
During the period (Phase-1) from FY2012 to FY2015, feasibility
studies on material design and fabrication were performed. In the
period (Phase-2) from FY2016, the irradiation in the test reactor is
under consideration. The commercial applications of the SiC/SiC
composite core components in nuclear power plants during the
2020s will be planed. This presentation will be included the principal
results and the current issues through a comprehensive feasibility
study of SiC core application for LWR.

2:00 PM

(ICACC-S13-020-2018) Radiation damage behavior in a
multiphase ceramic (YSZ, Al,O, and MgAl,O,) irradiated with
946 MeV Auions

K. Ohtaki*'; K. K. Karandikar?’ O. Graeve? C. Trautmann®; M. Tomut?;
M. Patel’; M. Mecartney'

1. University of California, Irvine, Chemical Engineering and Materials
Science, USA

2. University of California, San Diego, Department of Mechanical and
Aerospace Engineering, USA

3. GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, Secretariat of
Materials Research Department, Germany

4. University of Liverpool, Department of Mechanical, Materials and
Aerospace Engineering, United Kingdom

This study focuses on engineering a composite with high radiation
damage tolerance without relying on intrinsic material properties.
Radiation damage tolerance is reported to be improved in polycrys-
talline materials with nano-sized grains because grain boundaries
act as sinks for defects. Moreover, disorder at the grain boundaries
in multiphase systems is expected to increase the radiation damage
tolerance. An equivolume 3-phase ceramic material of cubic 8 mol%
yttria stabilized zirconia (YSZ), a-AlO, and MgAl,O, with nano-
sized grains (~260 nm) and single phase nanocrystalline Al,O, and
MgAlL O, (~260 nm) were prepared by spark plasma sintering and
then irradiated with 926 MeV Au ions with fluence up to 2x10"
ions/cm? at RT. The nanocrystalline grain size and the disordered
interfaces between dissimilar phases are hypothesized to enhance
the radiation damage tolerance of the 3-phase material. Single phase
samples of Al,O, and MgAl,O, started chipping and cracking as the
fluence increased whereas 3-phase sample remained stable. XRD

*Denotes Presenter

shows that single phase samples have a higher degree of lattice
expansion for Al,O, and spinel than the 3-phase samples suggesting
a more efficient defect annihilation in the 3-phase sample. In this
study the correlation between the microstructure evolution and the
mechanical behaviors of the irradiated samples will also be reported.

2:20 PM

(ICACC-S13-021-2018) High dose neutron irradiation response
of nuclear grade SiC/SiC composites

Y. Katoh*; T. Koyanagi'; T. Nozawa’ L. Snead’
1. Oak Ridge National Laboratory, USA

2. QST, Japan

3. Stony Brook University, USA

SiC composites are promising materials for nuclear energy systems.
However, irradiation tolerance to high neutron doses in a wide
temperature range needs to be understood to address the design
limits for current generation materials. In particular, the Generation
III SiC fibers and the pyrocarbon interphase are known to undergo
significant degradation in extreme radiatoin environments. In the
present work, neutron irradiation was conducted in the High Flux
Isotope Reactor. The irradiation dose ranged up to ~100 dpa in the
irradiation temperature range ~300 to ~800°C. Hi-Nicalon Type-S
or Tyranno-SA3 fiber reinforced chemical-vapor-infiltration (CVI)
SiC matrix composites with pyrocarbon interphase were tested.
The post-irradiation evaluation by four point flexural tests revealed
mechanical property changes for both fiber composites with more
severe degradation at lower irradiation temperatures. Detailes
microstructural examinations by scanning and transmission elec-
tron microscopy led to findings including the partial debonding at
fiber/matrix interfaces and modificaiton of secondary carbon phase
distributions in the fibers. Details of the experimental results and
the underlying mechanisms are discussed. This research was spon-
sored by the US DOE under contracts DE-AC05-000R22725 with
UT-Battelle, LLC. The use of HFIR was sponsored by the Office of
Basic Energy Sciences, U.S. Department of Energy.

2:40 PM

(ICACC-S13-022-2018) Swelling and Creep of SiC Irradiated to
0.1 dpa at 300°C

K. Terrani*'; T. Koyanagi'; T. Karlsen’; Y. Katoh'

1. Oak Ridge National Lab, USA
2. Institute for Energy Technology, Norway

High purity chemical vapor deposition (CVD) SiC tensile bars were
irradiated in the Halden reactor in Norway. A host of in-pile instru-
mentation were utilized that enable strict control of temperature
and continuous in situ measurement of specimen length change.
Two specimens were irradiated with and without applied stress that
allowed for measurement of swelling and irradiation creep, respec-
tively. The specimens were extracted from the reactor after a dose of
~0.1 dpa and underwent detailed post-irradiation examination.

3:20 PM

(ICACC-S13-023-2018) Post-irradiation examination of SiC
tubes neutron irradiated under a radial high heat flux (Invited)

T. Koyanagi*'; Y. Katoh'; G. Singh'; C. Petrie'; C. Deck’ K. Terrani'

1. Oak Ridge National Laboratory, USA
2. General Atomics, USA

Silicon carbide (SiC) composite is considered among leading candi-
date materials for accident tolerant fuel cladding in light water
reactors (LWRs). An important task in the development is the
establishment of a thermomechanical analysis capability to predict
the in-pile stress state of the cladding, thus, to assess the probability
of cladding failure. This study provides critical experimental data
needed for validation of the thermomechanical model. SiC mono-
lith and composite tubes were neutron-irradiated under a radial
high heat flux (~0.7MW/m?) in the HFIR to ~2dpa to produce a
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simulated in-pile stress state under normal operation of LWR; the
through-thickness temperature gradient under irradiation results
in gradient of swelling, which causes a significant stress buildup.
Irradiation temperature distribution within the tube was deter-
mined by analysis of Raman spectra and dimensional changes
upon annealing. Residual stress due to the swelling gradient was
investigated by a slit ring method. In addition, potential irradia-
tion-induced cracking was examined by x-ray tomography. These
experimental results will be presented together with the stress state
calculated by the thermomechanical model to discuss the model vali-
dation. This work was sponsored by the U.S. DOE, Office of Nuclear
Energy, for the Advanced Fuel Campaign under contact DE-ACO05-
000R22725 with ORNL managed by UT-Battelle, LLC.

3:50 PM

(ICACC-S13-024-2018) Swelling and Wigner Energy Release in
Neutron Irradiated Silicon Carbide (Invited)

L. Snead*’ Y. Katoh'; K. Terrani'; T. Koyanagi'

1. ORNL, USA
2. MIT, USA

Swelling and energy release in graphite due to neutron-induced
simple defect production led the way into the current field of irra-
diation materials science. Since this original work into what later
became known as Wigner Energy, or the spontaneous energy release
excess of a material’s specific heat, essentially no other ceramic
material has been shown to exhibit the same behavior as graphite.
In this work the swelling and approach to amorphization of single
crystal cubic and hexagonal SiC is presented and compared with its
related Wigner Energy to 700°C. Samples studied were irradiated in
the High Flux Isotope Reactor at the Oak Ridge National Laboratory
near water coolant temperature of ~60-80°C. As will be shown, this
Wigner energy release for the crystalline material scales directly
with swelling approaching 1400 J/gm prior to amorphization. In
the as-amorphized condition the energy released over a similar
temperature range, independent of the dose for amorphization, is
approximately 600 J/gm. These results and related discussion will
be supported with analysis of sample microstructure as determined
trough TEM and X-ray diffraction analysis.

4:20 PM

(ICACC-S13-025-2018) Radiation effects on SiC/SiC composites
for advanced accident tolerant fuel cladding tubes

S. Agarwal*'; W. J. Weber'

1. University of Tennessee, Material Science and Engineering, USA

Following the beyond-design-basis (BDB) accidents at Fukushima,
Japan, the need to develop advanced accident tolerant fuel cladding
using innovative materials such as SiC/SiC composites has been
recognised. The fabrication of SiC/SiC composites-based cladding
poses several challenges, one of them is to understand the radia-
tion induced swelling and cracking. In this work, the effect of ion
irradiation in SiC/SiC composites, coupled with state-of-art char-
acterization techniques like transmission electron microscopy
experiments (done on the fiber-interface-matrix), Raman spec-
troscopy (to understand the degradation of carbon layer on the
fiber-interface-matrix and other bonding changes) and optical profi-
lometry (to measure step height changes) is presented to understand
the overall radiation induced microstructure evolution.
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4:40 PM

(ICACC-S13-026-2018) Irradiation Testing of a SiC/SiC Channel
Box and SiC Joints in the High Flux Isotope Reactor

C. Petrie*’; C. Deck? K. Terrani’; Y. Katoh*

1. Oak Ridge National Lab, Reactor and Nuclear Systems Division, USA
2. General Atomics, USA
3. Oak Ridge National Lab, Fusion and Materials for Nuclear Systems
Division, USA
4. Oak Ridge National Lab, Materials Science and Technology
Division, USA

SiC fiber-reinforced SiC matrix (SiC/SiC) composite materials
are being considered for nuclear fuel cladding and core structural
components due to their high temperature strength, radiation
tolerance, and oxidation resistance. For fuel cladding applications,
these composites must be sealed with a proper joining technique
and remain hermetic over the fuel lifetime. An irradiation capsule
is being designed under the Nuclear Science User Facilities Program
within the US Department of Energy Office of Nuclear Energy
(DOE-NE) to test SiC joint end plugs at light water reactor tempera-
tures (300-350°C) during irradiation in the High Flux Isotope
Reactor (HFIR). SiC/SiC composites are also being considered to
improve the accident tolerance of other core structural materials
such as a channel box in a boiling water reactor (BWR). An unre-
solved technical feasibility issue for a SiC-based BWR channel box is
whether a strong radial neutron flux gradient will induce significant
bowing in the channel box due to differential swelling. To investi-
gate this issue, the Advanced Fuels Campaign (DOE-NE) is funding
irradiation testing of a SiC/SiC channel box in the core reflector of
the HFIR where significant radial fast neutron flux gradients are
present. This presentation will discuss the capsule design and anal-
ysis efforts, the irradiation test matrix, and plans for post-irradiation
examination.

S14: Crystalline Materials for Electrical,
Optical and Medical Applications

Optical Material I

Room: Tomoka C

Session Chairs: Victoria Blair, US Army Research Laboratory;
Luiz Jacobsohn, Clemson University

1:30 PM

(ICACC-S14-016-2018) Luminescence of activators in glass
depending on the preparation process (Invited)

H. Masai*'

1. National Institute of Advanced Industrial Science and Technology
(AIST), Department of Materials and Chemistry, Japan

Since oxide glass is a metastable solid state material obtained
from the supercooled liquid state, the glass structure and phys-
ical properties of the glass depend on the preparation process even
though the nominal chemical composition are fixed. In the case of
phosphor application with doped activators, the local coordina-
tion states in glass will be important for the advancement of glass
science from both scientific and industrial perspectives. Recently,
we reported on the photoluminescence (PL) properties of xSnO-
(25-x)SrO-75B,0; glass; a stoichiometric chemical composition of
a Sn-doped SrByO,, crystal. Sn’* belongs to ns’*-type cations (n=4)
whose emission is strongly affected by the local coordination state.
Therefore, we expect that the local coordination state of the ns’-type
emission centre, which can be estimated from the PL and radiolu-
minescence. Here, the relationship between the structural ordering
of the Sn-doped SrO-B,0, glass and the luminescent properties of
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the Sn’* centre is examined. We have confirmed densification of the
glass network was occurred by the heat capacity, ''B MAS NMR, and
elastic modulus. The densification of matrix induces an aggregation
of the Sn** centre, and changes the PL and PL excitation spectra.
The results suggest that it is important to tailoring the local coordi-
nation state of activators during the solidification process.

2:00 PM

(ICACC-S14-017-2018) Sol-gel synthesis and down-conversion
photoluminescence properties of Tb**/Yb** co-doped ZrO,-SiO,
nano-crystallized glasses

M. Isogai*'; T. Hayakawa'; J. Duclere’ P. Thomas®

1. Nagoya Institute of Technology, Japan
2. Limoges University, France

Recently, the development of wavelength conversion materials for
application to solar cells, light-emitting diodes (LEDs), and displays
have been drawn interest widely. Above all, down-conversion (DC)
materials which convert visible light to near-infrared light are a
promising tool to enhance the efficiency of crystalline silicon solar
cells. In this study, the wave conversion properties in Tb**/Yb**
co-doped ZrO,-SiO, nano-crystallized glasses are investigated. ZrO,
has many excellent properties such as wide band gap (larger than
5eV) and low phonon energy (less than 650 cm™). The materials
were synthesized by a sol-gel method, followed by heat-treatment at
different temperatures (900°C, 1000°C, 1100°C) and characterized
using Tb** luminescence decay curves. As a result, it was found that
the energy transfer efficiency (ETE) from Tb* to Yb** increased with
rising heat-treatment temperatures. In addition, a reduction treat-
ment in 5%H,/95%N, was applied to the sample heated at 1100°C
because DC intensity decreased with increasing heat-treatment
temperature. Consequently, the reduction treatment at 1100 °C for 1
h was found to be effective for increasing DC intensity.

2:20 PM

(ICACC-S14-018-2018) Balancing microstructure and
spectroscopic behavior of nanocomposites for mid-infrared solid-
state lasers (Invited)

V. L. Blair*'; N. Ku®; Z. D. Fleischman?

1. US Army Research Laboratory, Weapons and Materials Research
Directorate, USA

2. US Army Research Laboratory, Sensors and Electronic Devices
Directorate, USA

3. US Army Research Laboratory, ORISE, USA

Several challenges exist for mid-infrared laser materials, including
(1) the need to dissipate heat generated in lasing (2) the common
issue of luminescence quenching by multi-phonon relaxation, and
(3) the trade-off between high thermal conductivity and small
maximum phonon energy. These challenges are being addressed
by synthesizing a ceramic nanocomposite in which multiple phases
(MgO and Er:Y,0;) will be incorporated into the same structure.
To obtain a transparent part, several processing strategies must
be employed, such as colloidal mixing and processing to enable
particle homogeneity. A fast sintering cycle and timeline are also
crucial for preventing massive grain growth. In this presentation,
the goal is to tread the fine line between the ideal microstructure
and ideal spectroscopic behavior in fabricating enhanced trans-
parent materials. In our case, the transmission often trades off with
the fluorescence intensity.

*Denotes Presenter

3:10 PM

(ICACC-S14-019-2018) Silicon content in transparent YAG
ceramics, analysis of the production process (Invited)

J. Hostasa*'; R. M. Gaume?’; A. Piancastelli’; S. ]. Pandey’; M. Martinez';

M. Baudelet’; T. Epicier’; V. Biasini'; L. Esposito’

1. National Research Council of Italy, ISTEC CNR, Institute of Science and
Technology for Ceramics, Italy

2. CREOL - The College of Optics and Photonics, University of Central
Florida, USA

3. University of Central Florida, Physics Department, USA

4. University of Central Florida, National Center for Forensic Science, USA

5. INSA of Lyon, F-69621 Villeurbanne Cedex, MATEIS, France

Transparent ceramics are usually prepared with the use of a sintering
aid, in the case of YAG mostly silicon in the form of SiO, or TEOS.
However, the presence of Si may lead to the formation of secondary
phases or to the deterioration of optical and laser properties due to
the presence of color centers. It is therefore important to know and
control its content in the sintered material. In this work we analyze
the quantity and distribution of silicon in transparent YAG ceramics
produced by reaction sintering of a mixture of oxide powders under
high vacuum. Silicon is added in the mixture as TEOS or nanometric
SiO, powder. Laser-induced breakdown spectroscopy (LIBS) was
used to quantify and compare the silicon content after the various
steps of the production process (i.e. in the as-shaped samples, after
sintering and after air annealing). A strong decrease of Si concen-
tration was observed after the vacuum sintering. TEM/EDX showed
an increase of silicon content at grain boundaries after air annealing
steps at elevated temperatures.

3:40 PM

(ICACC-S14-020-2018) Effects of Polishing Tool Characteristics
on the Material Removal Mechanisms of Polycrystalline YAG
Ceramics

D. M. Ross*'; H. Yamaguchi'; ]. Long'; M. Parker'
1. University of Florida, Mechanical and Aerospace Engineering, USA

Transparent polycrystalline yttrium aluminum garnet (YAG)
ceramic host materials have garnered an increased level of interest
for high-power laser applications due to their ability to be manu-
factured in large sizes and doped in substantial concentrations.
However, surface characteristics have a direct effect on the lasing
ability of these materials, and a lack of a fundamental understanding
of the polishing mechanisms of polycrystalline ceramics remains
a challenge to their utilization. The focus of this paper is to more
deeply develop this understanding through investigating the effects
of polishing tool characteristics and abrasive behavior on the grain
structure of YAG ceramics during fine polishing. Using Magnetic
Field-Assisted Finishing (MAF), sub-nanometer scale polishing
of 0.25 % Nd-doped polycrystalline YAG ceramics was performed
using a variety of polishing tool types. It was demonstrated that
the form in which abrasives are applied to the surface during the
finishing process plays a significant role in the material removal
mechanisms associated with the localized grain structure. This can
relate to grain dislodgment, uneven material removal between indi-
vidual grains, and increased material removal at grain boundaries.

4:00 PM

(ICACC-S14-021-2018) Production of sinterable YAG Powder for
the applications as laser host materials

J. Sharma*'; H. Singh'

1. PEC University of Technology, India

Till recently the most widely used commercial technique,
Czochralski method and Bridgman techniques at nealy 2300°C,
produces single crystals from the melt. These processes last for
weeks, leading to inculcation of impurities and stresses in the
crystal. Synthesis of Polycrystalline Transparent Ceramics (PTCs)
is new spearheading technology producing powders through nano
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synthesis routes are capable to counter the challenges of purity,
size, chemical stability, optical coherency and transparency. PTCs
produced are capable to be designed for their chemical coherency,
phase uniformity and morphological requirements for sintering.
Present work deals with the production of Yttrium Aluminium
Garnate (YAG) powder through Co-precipitation and Urea precip-
itation method. Ammonium hydrogen carbonate (AHC) and urea
are used as precipitants in both processes respectively and calcined
in range of 1200-1400°C. The reaction mechanism has been inves-
tigated using different techniques such as XRD, FESEM, FTIR and
DLS. Crystallite size are below 45nm with near spherical shape.
Agglomeration is lesser in Urea precipitation method. FTIR and
XRD confirms the formation of YAG powder and purity of phases
produced. Urea method produces partilcle size of 105nm. Resulted
yield is in range of 81-83%. The powders produced are sinterable
to produce the transparent ceramic for various civil and defense
applications

4:20 PM

(ICACC-S14-022-2018) Causes for the lower performance of
polycrystalline ceramic scintillators: The case study of LuAG:Ce
(Invited)

L. G. Jacobsohn*’; A. A. Trofimov'

1. Clemson University, Materials Science and Engineering, USA

The scintillation performance of polycrystalline ceramic scintillators
is commonly inferior to single crystals. A comparative investiga-
tion between Lu,Al,O,,:Ce (LuAG:Ce) transparent polycrystalline
ceramic and single crystal scintillators was executed in terms of their
microstructure, optical, luminescent and scintillating properties to
gain insight into the causes for the lower scintillation performance
of polycrystalline ceramics. The polycrystalline ceramic was fabri-
cated by high temperature vacuum sintering and the single crystal
was grown by the Czochralski method with ~0.06 and ~0.04 at.%
Ce, respectively. The polycrystalline ceramic presented lower
optical transmission, higher self-optical absorption, and a higher
degree of structural disorder. Radioluminescence (RL) and photo-
luminescence measurements indicated the presence of defect bands,
including F*-type centers. Thermoluminescence measurements as a
function of the irradiation time combined with glow curve decon-
volution revealed the presence of 6 glow peaks in the single crystal
and 4 glow peaks in the polycrystalline ceramic, all with first-order
kinetics. Equations of detailed balance elucidaded the effect of trap
characteristics on the probability of capture of electrons from the
conduction band. This material is based upon work supported by the
National Science Foundation under Grant No. 1653016.

S15: Additive Manufacturing and 3-D
Printing Technologies

Direct Writing Technologies I
Room: Coquina Salon B
Session Chair: Paolo Colombo, University of Padova

1:30 PM

(ICACC-§15-017-2018) Innovative Electric Motor Designs
Enabled by Additive Manufacturing (Invited)

M. C. Halbig*'
1. NASA Glenn Research Center, USA

New manufacturing methods are needed which enable innovative
electric motor designs that have much higher power densities and/or
efficiencies compared to the current state-of-the-art. Compared to
conventional fabrication methods for electric motors, additive
manufacturing offers the potential to radically change motor designs
so that they have compact designs, complex geometries, multi-
material components, innovative cooling, and optimally designed
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and manufactured components. Optimized stator design concepts
are being pursed in which advanced conductive 3-phase coils are
fabricated using direct printing of optimized silver pastes and dielec-
trics along with the integration of magnets from binder jetting.
An overview of other additive manufacturing activities will be
provided for the fabrication of additional motor components such
as a rotor backing plate, a housing, and a copper wire embedded
stator. The performance benefits from optimized materials and new
component design will be emphasized.

2:00 PM

(ICACC-S15-018-2018) 2D colloids of graphene oxide for
materials manufacturing

E. Garcia-Tunon*'; E. Feilden? E. D’Elia%; E. Saiz’

1. University of Liverpool, Materials Innovation Factory & School of
Engineering, United Kingdom
2. Imperial College, Materials, United Kingdom

Wet processing is behind most of the traditional and advanced
shaping techniques. Among the latter, Additive Manufacturing has
attracted much attention from industry, academia, media and society
in the last decade, promising new designs for bespoke applications at
the click of a button. However one of the main challenges to make
this a reality is the limited range of materials available for Additive
Manufacturing. On the other hand a large amount of resources
have been invested in graphene research. A field rapidly evolving,
spreading across multidisciplinary areas and leading to the devel-
opment of new basic science and practical applications. Connecting
2D materials and Additive Manufacturing research leads to prom-
ising applications in materials manufacturing. Graphene oxide (GO)
colloids have the potential of making other materials behave like
clay; enabling shaping to create complex objects. GO plays multiple
roles: as dispersant, rheology modifier and binder; likely becoming
the most versatile existing processing additive. This talk will illus-
trate the unique behaviour of GO colloids of graphene oxide in water
and their role in ceramic processing. They have the ability to tune
the viscoelastic response of suspensions containing particles with
different chemistries, shapes and sizes; enabling the manufacturing
of complex 3D structures made of oxide and non-oxide ceramic
particles and platelets.

2:20 PM

(ICACC-S15-019-2018) Direct Writing and Characterization of
Silver Pastes with Advanced Carbon Additions for Electric Motor
Applications

A. Salem*’; J. Zhou*; V. L. Wiesner'; M. C. Halbig'; M. Singh’

1. NASA Glenn Research Center, USA

2. Ohio Aerospace Institute, USA

3. Washington University in St. Louis, USA

4. Case Western Reserve University, USA

In recent years, commercially available conductive silver pastes
have significantly improved and ultimately increased the number
of potential applications for printed electronics. Silver has proven
to be particularly promising due to its relatively low cost and high
conductivity. Commercially available silver pastes were printed and
characterized for their electrical conductivity and thermal stability.
Resistivity measurements were conducted using the 4-probe (Kelvin)
method. A wide variety of carbon black powders (CB) and carbon
nanostructures (CNS) were added in silver pastes to improve the
electrical conductivity while maintaining the printability. In theory,
the CNS and CB should improve conductivity by creating an electri-
cally conducting network at low weight percentages. To maintain the
printability of modified pastes, Dimethylformamide (DMF) and Brij
30 were added to ensure the dispersion of carbon additions. Effects
of carbon fillers on electrical and thermal properties are discussed
along with the effect of curing conditions and microstructure.
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2:40 PM

(ICACC-S15-020-2018) Graphene Modified Silver Pastes for
Additive Manufacturing of Electric Motors

J. Zhou*’; A. Salem’; M. C. Halbig'; M. Singh*

1. NASA Glenn Research Center, USA

2. Case Western Reserve University, USA

3. Washington University in St. Louis, USA

4. Ohio Aerospace Institute, USA

Additive manufacturing technologies are expected to improve wire
packing and compactness enabling new electric motor designs with
higher power densities and/or efficiency. This study focuses on the
effect of graphene on the resistivity of silver paste. High conductive
carbon-based additives such as graphene can potentially yield resis-
tivity values equal to or better than that of copper wire. Two types of
graphene, single-layered and multi-layered sheets of graphene, with
varying weight percentages were added to a commercial silver paste.
Electrical conductivity of traces made with graphene modified pastes
were measured with four point probe method and show the influ-
ence of the amount and type of graphene. SEM analysis of the traces
was carried out to see the distribution and packing of secondary
phases in silver matrix. By attaining lower resistivity values for
traces printed with these pastes and utilizing additive manufacturing
methods, new motor designs can be achieved.

Direct Writing Technologies II
Room: Coquina Salon B
Session Chair: Elizabeth Kupp, The Pennsylvania State University

3:20 PM

(ICACC-S15-021-2018) Direct ink-writing of ceramic matrix
composite structures

G. Franchin*'; P. Colombo'; L. Wahl'; H. S. Maden'
1. University of Padova, Industrial Engineering, Italy

Direct ink-writing (DIW) process was employed as a novel approach
for the production of ceramic matrix composites (CMCs) using a
system based on a preceramic polymer and short fibers. The optimi-
zation of the ink comprising of a polysiloxane and chopped carbon
fibers involved the use of different additives (SiC powder, colloidal
silica) and the minimization of the amount of (non-aqueous) solvent
content. Rheological characterization was performed in order
to characterize and validate the inks suitable for being extruded
through fine (~400 wm diameter) nozzles and the fabrication of
suspended struts. The formation of a gel structure, essential for the
production of highly porous lattices with unsupported features,
was confirmed. DIW was followed by pyrolysis in inert atmosphere
(nitrogen), during which the polysiloxane converted into an amor-
phous SiOC phase. This could result in extensive cracking of the
matrix, due to the decomposition of the polymer and to hindered
shrinkage. The role of the carbon fibers and the addition of fillers
(SiC powder) in enhancing or preventing such phenomenon will
be discussed. The results of mechanical tests on samples fabricated
with different inks and geometries will also be presented. The incor-
poration of fibers to a preceramic polymer opens the possibility of
generating complex ceramic shapes with enhanced mechanical
properties.

3:40 PM

(ICACC-815-022-2018) 3D-Printing of hierarchical porous
ceramic materials for catalysis

J. Lefevere*'; L. Protasova'; S. Mullens'; V. Meynen®
1. VITO, Sustainable Materials Management, Belgium
2. University of Antwerp, Belgium

A more sustainable chemical industry and the efficient use of
depleting resources are a hot topic in both research and society. In
order to improve the commonly used packed beds of catalyst pellets,
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a structured catalyst can be used. Macroporous structured support
materials coated with a layer of catalyst or directly printed catalyst
can result in better mass- and heat transfer properties in combina-
tion with a lower pressure drop. It is clear that the architecture of
the support has a major influence on these properties. Therefore
3D-printing technology can be a good tool in rapid prototyping
of new architectures as it allows an enormous degree of freedom.
In this work the use of 3D-printing for the manufacturing of new
catalytic materials was investigated. The goal of this work was to
synthesise 3D printed catalyst materials and map the possible advan-
tages and drawbacks of the use for catalysis or sorption. Either by
using an optimized coating method of an inert support or direct
printing of the zeolite an active catalyst in the desired shape could
be manufactured. The impact of binders and architecture on the
physico-chemical and catalytic properties of these materials was
investigated and discussed. The most important advantage of the use
of this technique is that the architecture as well as the composition of
the structure can be optimized in function of the application.

4:00 PM
(ICACC-S15-023-2018) Complex Shaped Boron Carbides
R. Lu*'; S. Chandrasekaran'; W. L. Du Frane'; M. A. Worsley'; . D. Kuntz'

1. Lawrence Livermore National Laboratory, Materials Science Division,
USA

Complex shaped boron carbide (B,C/C) geometries at near-
full densities are achieved using various additive manufacturing
techniques. Negative additive manufacturing is explored which
involves 3D printing of sacrificial molds that are used for casting
negative copies. This technique incorporates gelcasting using
resorcinol-formaldehyde polymer and is favorable at the industrial
scale due to the ease and speed of production for large complex
shaped parts. By optimizing B,C particle size and sintering condi-
tions, 97-98% theoretical max density is achieved. Direct Ink Write
is another additive manufacturing technique that has also been
explored to create complex shaped boron carbides. Direct Ink
Write involves the extrusion of a thixotropic ceramic slurry from
a nozzle in 3-dimensional space. Print resolution with struts as
low as 250um is achievable when using slurries with a mean B,C
particle size of 0.54um. Rheology of the boron carbide slurry has
been optimized to print lattices and other structures. This work was
performed under the auspices of the U.S. Department of Energy
by Lawrence Livermore National Laboratory under Contract
DE-AC52-07NA27344.

4:20 PM

(ICACC-815-024-2018) Direct Ink Writing of Boehmite: From
Microstructural Control to Mechanical Properties

A. M’Barki*'; A. Stevenson'; L. Bocquet’

1. Saint-Gobain CREE, LSFC, France
2. Ecole Normale Supérieure, France

Direct Ink Writing is an additive manufacturing technique based
on continuous layer-by-layer filament deposition. Mostly used to
print porous structures, DIW of dense and strong ceramic objects
remains an open challenge. However, the advantage of DIW resides
in its ability to print multimaterial objects, offering the possibility
to combine complex shaping to precise microstructural and func-
tional control, from bioinspired materials, to novel composite
structures. Our work focuses on using boehmite gels for DIW,
an AL O, precursor, as a ceramic matrix to obtain different micro-
structures. Very small changes to the gels composition lead to
completely different microstructures and hence, functional prop-
erties. By combining the microstructural versatility of boehmite
gels with an understanding of rheology, we are able to print micro
and macrocomposites with enhanced mechanical properties. We
take advantage of the flow behaviour inside DIW nozzles to align
alumina platelets during printing. This provides the printed object
with increased fracture toughness in the desired direction, with the
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ability to deviate the fracture propagation perpendicularly to the
printing direction. A single object can thus be precisely designed,
alternating between dense, strong layers, and directionally tough,
fracture deviating layers, to combine the complexity of the shape
with the tailoring of mechanical behaviour

Direct Writing Technologies III
Room: Coquina Salon B
Session Chair: Michael Halbig, NASA Glenn Research Center

4:40 PM

(ICACC-815-025-2018) Direct-Writing of Flexible Barium

Titanate/PDMS 3D Photonic Crystals with Mechanically-Tunable

Terahertz Properties

P. Zhu'; W. Yang'; R. Wang'; S. Gao’; B. Li% Q. Li*!

1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang
National Laboratory for Materials Science, China

2. Graduate School at Shenzhen, Tsinghua University, Division of Energy
and Environment, China

Mechanically flexible 3D terahertz photonic crystals (3D-TPCs)
are created by the direct-writing technology with a composite ink
system composed of polydimethylsiloxane (PDMS) and barium tita-
nate (BaTiO;) nanoparticles. The direct-writing technology allows
an easy creation of complex 3D structures with designed geometry,
while the refractive indices of the composite ink can be modulated
by varying the content of BaTiO, nanoparticles. Thus, 3D-TPCs with
different terahertz properties are obtained by the direct-writing tech-
nology. More interestingly, these 3D-TPCs demonstrate a unique
tunable terahertz property under external force field due to their
mechanical flexibility from the PDMS matrix of the composite ink.
Thus, their terahertz property is responsive to external force fields
reversibly, which can find novel applications in terahertz technology
and other relative technological applications.

5:00 PM

(ICACC-S15-026-2018) Direct ink writing of cementitious
materials

J. P. Youngblood*'; M. Moini? J. Olek’ P. Zavattieri®

1. Purdue University, School of Materials Engineering, USA
2. Purdue University, School of Civil Engineering, USA

Direct Ink Writing (DIW) or Robocasting is an Additive Layer
Manufacturing (ALM) technique that is “3D” printing method
where liquid “inks” are extruded from a nozzle and solidified to
prepare precisely architectured solid shapes. This method has been
used for ceramic structures, typically by using colloidal inks to
prepare near net shape ceramic parts. Here, we will detail efforts at
DIW of cementitious materials, as well as elucidating design criteria
for the “inks”. Materials, uses and issues related to their manufacture
will be presented, as well as discussion of the design flexibility that
DIW allows with cement.

5:20 PM

(ICACC-815-035-2018) Direct write and 3d printing of pre-
ceramics polymers: Materials, approaches and applications

J. M. Lavin*'; D. M. Keicher’; L. R. Evans'; L. Tsui; S. S. Mani'
1. Sandia National Laboratories, USA

The evolution of additive manufacturing in ceramics has lead to an
increasingly diverse and flexible means of printed ceramics. Given
the relatively recent advances in printers, materials and tooling the
opportunities are vast for the exploration of printed ceramics. To
that end, we at Sandia National Labs are invested in exploring inno-
vative approaches and materials to gain a unique understanding in
the printing of (highly loaded) pre-ceramic polymer based pastes
and resins. Here, we will present ongoing work investigating
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stereolithographic (SLA) and direct write extrusion printing of
highly loaded alumina polymers, post processing and the incorpora-
tion of printed parts into components.

S17: Advanced Ceramic Materials and
Processing for Photonics and Energy

Multifunctional I

Room: Halifax A/B

Session Chairs: Rafik Naccache, Concordia University;
Alessandro Martucci, University of Padova

1:30 PM

(ICACC-S17-014-2018) Transparent and FlexIble Tin Oxide
Electrolyte-Gated Transistors (Invited)

L. Valitova'; A. Subramanian’; I. Ruggeri’; F. Soavi’; C. Santato’; F. Cicoira*'

1. Polytechnique Montreal, Chemical Engineering, Canada
2. Universita di Bologna, Chemistry, Italy
3. Polytechnique Montreal, Engineering Physics, Canada

Metal oxide semiconductors, such as ZnO, SnO, In,0, and indium
gallium zinc oxide are of great interest for large area and high-per-
formance electronic devices, because of their transparency, ease of
process, chemical stability and high n-type mobility. SnO, already
found applications in sensing, photovoltaic, optoelectronic devices
and batteries. We fabricated, both on rigid and flexible substrates,
electrolyte-gated SnO, transistors making use of high surface
area activated carbon, as a gate electrode, and the ionic liquid (IL)
1-Butyl-3-methyl imidazolium bis(trifluoromethylsulfonyl)imide
[EMIM][TESI], as the gating media. Thin films of SnO, have been
deposited by sol gel and water based synthesis techniques and were
photolithographically patterned as transistor channel materials. We
investigated bottom-contact top-gated transistor where we varied
the area of the SnO, layer in contact with electrolyte and the area
of overlap of source/drain electrodes with the gate. Using electrical
measurements and cyclic voltammetry we demonstrated that the
performance of electrolyte-gated SnO, transistors can be tuned via
patterning of the metal oxide layer. Patterned SnO, transistors work
in depletion mode, while unpatterned ones work in enhancement
mode. These simple device architectures working at low voltages are
promising for low cost, flexible, transparent large area electronics.

2:00 PM

(ICACC-S17-011-2018) Photoluminescent Properties and
Hyperspectral Imaging of Eu** Complexes (Invited)

D. Errulat'; M. Murugesu'; E. Hemmer*'

1. University of Ottawa, Chemistry and Biomolecular Sciences, Canada

Seeking more efficient light management in solar devices, photon
conversion, such as down-shifting, is an attractive approach. In
down-shifting, an ultraviolet (UV) photon that is otherwise lost for
solar energy conversion is converted into a visible photon that then
becomes available for the solar cell absorber. Trivalent europium
(Eu’") complexes are well-known for their bright luminescence and
photostability. Under UV excitation (typically 280 to 450 nm), the
most dominant emission is centered at 612 nm due to the °D,—’F,
electronic f-f transition of Eu’*, which makes them potential candi-
dates for solar applications. Aside from Eu*, trivalent terbium (Tb’")
can be used in down-shifting complexes. Thus, homodinuclear
Eu’" and Tb’* as well as heterodinuclear Eu’>*-Tb** complexes were
synthesized and their photoluminescent properties were analyzed.
The *°D,—’F, Eu™" transition is of special interest from a fundamental
point of view since being hypersensitive to the chemical environment
of the Eu’* centers. It was found that the Eu**-Tb** complex crystal-
lizes in three different crystal morphologies (polymorphs) that were
characterized by hyperspectral imaging. Each of them shows distinct
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characteristic spectral features, namely splitting of the *°D,—’F, tran-
sition into ] sub-levels, providing evidence for a different chemical
environment of the Eu® centers in the three crystal types.

2:30 PM

(ICACC-S17-016-2018) Ceramic Materials for Energy
Applications (Invited)

D. Xue*!

1. Changchun Institute of Applied Chemistry, Chinese Academy of
Sciences, China

Recent studies on mesoscale ceramics were introduced in this talk,
from both theoretical and experimental aspects. Toward energy
applications some mesoscale ceramics like single crystals, micro-
crystals, nanomaterials, and colloids were fabricated via various
processing strategies, such as single crystal Czochraski growth
processes, hydrothermal and solvothermal processes, combustion
process and colloidal forming processes. With the help of the chem-
ical bonding theory of single crystal growth, bulk single crystals
can be more efficiently grown from melts. Performance dependent
ceramics processing toward electrochemical energy storage was also
reported.

3:20 PM

(ICACC-S17-017-2018) Carbon-based composite materials with
applications in Supercapacitors and fuel cells (Invited)

D. Chua*'

1. National University of Singapore, Materials Science & Engineering,
Singapore

Carbon materials have attracted much attention due to their unique
properties, ranging from low dimensional effects, good structural
integrity, high electrical and thermal conductivity, and chemical
stability. Increasingly, carbon-based materials have progressed from
thin films to the nanoscale dimensioned carbon nanotubes and
graphene. In this aspect, one area of interest lies in whether carbon is
useful as a catalyst support with direct applications in clean energy,
specifically supercapacitors and fuel cells. In this talk, we will show
that first that we can engineer various 1D and 2D carbon-based
materials. We will further show and compare the fuel cell properties
when other 2D materials are integrated with the carbon-based mate-
rials as catalyst support. A series of in-situ tests are also performed
which includes accelerated degradation test and electrochemical
impedance spectroscopy to validate the effectiveness and robustness
of these materials. We will mention briefly other applications for
these carbon based materials.

3:50 PM

(ICACC-S17-018-2018) Metal-organic Frameworks at the
Biointerface (Invited)

C.J. Doonan*!

1. The Univeristy of Adelaide, Chemistry, Australia

Many living organisms are capable of producing inorganic materials
of precisely controlled structure and morphology. This ubiqui-
tous process is termed biomineralization and is observed in nature
from the macroscale (e.g., formation of exoskeletons) down to the
nanoscale (e.g., mineral storage and transportation in proteins).
Extensive research efforts have pursued replicating this chem-
istry with the overarching aims of synthesizing new materials of
unprecedented physical properties and understanding the complex
mechanisms that occur at the biological-inorganic interface. Metal-
organic Framework (MOFs) materials are a new class of materials
that are well known for their ultra-high surface areas and gas storage
and separation properties. However, recent studies have focused
on the synthesis of MOF biocomposites for application to applied
research fields including protection and delivery of biopharma-
ceuticals, biosensing, biocatalysis, biobanking, and cell and virus

*Denotes Presenter

manipulation. This talk will canvass how MOF biocomposites can be
synthesized via a process termed biomimetic mineralisation.

4:20 PM

(ICACC-S817-019-2018) Charge transfers and ionic diffusion at
amorphous-crystal interface and related electrochemistry of TiO,

H. Choi*'
1. Virtual Lab Inc., Republic of Korea

Amorphous phases of oxides are frequently observed as interme-
diates of crystalizations or are intentionally prepared with thermal
processing for engineering purposes. The existence of amorphous
phases in nanocrystal oxides is known to strongly affect the elec-
trochemical properties of oxides. Recently, partial amorphization
of TiO, has been reported to enrmously improves various function-
ality, such as photocatalysis and battery performances. However,
the physical origins of improved photocatalytic activity and battery
performances have not been clearly found so far. This study
systematically investigated the diffusivity of ionic conductivity and
electronic structures of amorphous-crystal interfaces of TiO, using
density functional theory (DFT) calculations and experiments.

4:40 PM

(ICACC-S17-020-2018) Electrochemical Study of MgAl and
MgAITi Hydrotalcite

E. d. Magdaluyo*'; R. Bonifacio'; G. Magayanes'

1. University of the Philippines, Dept of Mining, Metallurgical and
Materials Engineering, Philippines

The electrochemical behavior of MgAl and MgAITi layered double
hydroxides was investigated in electrolytic media of 0.1 M NaOH
and 0.1 M NaOH/0.05 M NaCl. Voltammetric and amperometric
studies were performed to identify the oxidation and reduction
processes and the effect of Mg*', AI’* and Ti*" cations in the total
reactivity of the hydrotalcite material. Electrocatalytic behavior of
water oxidation by the two hydrotalcites shows better performance
for the MgAITi compared to MgAl This is apparently due to the
presence of Ti'" as promoter ion. Chloride adsorption at the surface
of the electrode affects the current obtained by using sodium-chlo-
ride containing electrolyte, with larger currents resulting from the
use of MgAl hydrotalcite. The reduction processes are also observed
in the cations within the networks of both hydrotalcites.

Honorary Sympoisum: Advancing Frontiers
of Ceramics for Sustainable Society
Development - International Symposium in
Honor of Dr. Mrityunjay Singh

Advancing Frontiers of Ceramics III -Composite
Materials 1

Room: Coquina Salon E

Session Chairs: Csaba Balazsi, HAS Centre for Energy Research;
Zhengyi Fu, Wuhan University of Technology

1:30 PM

(ICACC-HON-019-2018) Advances in Ceramic Composites for
Fission and Fusion Energy Applications (Invited)

S.J. Zinkle*'; Y. Katoh?

1. University of Tennessee, USA
2. Oak Ridge National Lab, USA

Ceramic composites are candidate high performance materials
for multiple challenging applications in fission and fusion energy
systems, due to their favorable mechanical, thermal and neutron
interaction properties. The ability to tune some key mechanical and
physical properties in ceramic composites is key for their successful
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performance in these extreme operating environments. Potential
applications of advanced ceramic composites in existing light water
reactors include SiC/SiC fuel cladding that may provide enhanced
accident tolerance, as well as novel composite fuels that could
provide higher burnup capability, lower fuel operating tempera-
tures, and/or improved accident tolerance. Ceramic composites are
also being considered for several structural applications in proposed
Generation IV fission reactor concepts. Potential fusion energy
applications include SiC/SiC composites for the structural material
in the blanket region surrounding the plasma, ultrahigh temperature
ceramic composites for plasma facing components, high tempera-
ture SiC/SiC flow channel inserts to enable high thermodynamic
performance in PbLi dual coolant concepts, and potential novel
architectures in Li-bearing ceramic composites in the fusion blanket
region to generate tritium fuel for the fusion reaction. The design
advantages and R&D challenges associated with use of ceramic
composites in these applications will be summarized.

2:00 PM

(ICACC-HON-020-2018) Designing Ceramic Composites for
use at High Temperatures: Current Trends and Future Prospects
(Invited)

R. N. Singh*!

1. Oklahoma State University, School of Materials Science and Engineering,
USA

Applications of ceramic composites require an understanding of
the interrelationship among processing, fiber-matrix interface and
mechanical properties both at room and elevated temperatures. In
addition, these applications require an understanding of the crack
propagation and fracture behaviors in CMCs for assessing their
performance, life prediction and for designing superior CMCs
with even higher temperature capability. A novel in situ technique
based on video imaging is used to directly observe and measure
crack growth and fracture behaviors in CMCs between 25°-1400°C
under monotonic and fatigue loads. The results of the crack growth
thus obtained are used to analyze fracture resistance behavior, and
theoretical analyses are done to develop models to predict the crack
growth and fracture resistance behaviors. Bridging stress functions
are also obtained from the analytical models over a range of tempera-
tures, which are then used in designing CMC with superior elevated
temperature mechanical properties. The models developed are used
to identify the roles of the fiber, matrix, and interface properties in
obtaining superior properties at high temperatures. These results on
SiCy-reinforced CMCs will be presented and discussed along with
the prospects of using CMCs in current and future systems.

2:30 PM

(ICACC-HON-021-2018) “Tough Behavior” of Short Carbon
Fiber-dispersed SiC Matrix Composites Fabricated by Melt
Infiltration Process (Invited)

Y. Kagawa*'; Y. Atsumi’; Y. Arai'; H. Hatta'

1. Tokyo University of Technology, The Center for Ceramic Matrix
Composites, Japan

Short carbon fiber-dispersed SiC matrix composites have been
developed for advanced car brake rotors. Fracture toughness of
the composites are usually very low ~4-5 MPam'?. However, the
composites behave like a tough ceramics. This presentation exam-
ines the cracking behavior of short carbon fiber-dispersed SiC matrix
composite fabricated by melt infiltration process. Two different
cracks, initial thermal cracks and long cracks initiated under
mechanical loading play important role on the tough behavior.
The initial cracks helps release of residual stress and they are no
influence on the long crack growth. Long crack growth is controlled
by the interaction process between crack in SiC/Si phases and short
carbon fiber-C/SiC minicomposite phase. Some of the implications
associated with the micro fracture model are discussed.
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3:20 PM

(ICACC-HON-072-2018) Advanced Environmental Barrier
Coating and SA Tyrannohex SiC Composites Integration for
Improved Thermomechanical and Environmental Durability
(Invited)

D. Zhu*'; M. C. Halbig'; M. Singh'
1. NASA Glenn Research, Materials and Structures Division, USA

The 2700°F environmental barrier coating (EBC) systems, particu-
larly, the Rare Earth — Hf - Si coatings, have significant improved
the temperature capability and environmental stability of SiC/
SiC Ceramic Matrix Composite (CMC) Systems. We have specif-
ically developed the EBC systems, integrating the EBC to the high
temperature SA Tyrannohex SiC fiber composites, for comprehen-
sive performance and durability evaluations for turbine engine airfoil
component applications. The fundamental mechanical properties,
environmental stability and cyclic durability of the composites were
investigated. The paper will emphasize the high pressure combus-
tion rig recession, thermal stress resistance and thermomechanical
Low Cycle Fatigue of the environmental barrier coated composites
in simulated engine combustion water vapor, thermal gradients, and
mechanical loading conditions. We have also investigated high-heat-
flux and fatigue degradation mechanisms, determined the upper
limits of operating temperatures for the coated composite systems.
Recent progress has also been made by using the self-healing rare
earth-silicon based EBCs, thus enhancing the SA composite hexag-
onal fiber columns bonding for improved thermomechanical and
environmental durability. More advanced EBC- composite systems
based on the new EBC-Fiber Interphases will also be discussed.

3:40 PM

(ICACC-HON-022-2018) Properties of SiC/SiC composites with
BN interphase (Invited)

S. Dong*'; J. Hu'; X. Zhang'

1. Shanghai Institute of Ceramics, Chinese Academy of Sciences, China

Continuous SiC fiber reinforced SiC ceramic matrix composites
(SiC/SiC) have attracted great attention due to their excellent prop-
erties and huge potential application in hot structures of aeroengine.
As an essential constituent element of SiC/SiC composites, the inter-
face plays an important role in the material’s mechanical properties
and oxidation resistance. In order to improve the anti-oxidation
property, BN interphase was prepared on the SiC fiber surface by
chemical vapor deposition method. The effects of processing
parameters on the growth rate, microstructure and crystallinity of
BN were investigated. The growth mechanism was also discussed.
SiC/SiC composites were fabricated by chemical vapor infiltration
and reactive melt infiltration combined method. The mechanical
properties, oxidation resistance and thermal stability of SiC/SiC
composites were tested, and the relationship between BN prepared
under different condition and the properties of SiC/SiC compos-
ites was studied. The materials show good oxidation resistance and
thermal stability. The mechanical properties almost did not decrease
after oxidized for 50h at 700 DC. The composites still had 80%
strength retention after heat treatment for 300h at 1200 DC.

4:00 PM

(ICACC-HON-023-2018) Performance of New Catalyst Carriers
Made from Conducting Ceramics for PEM Fuel Cell (Invited)

Z.Fu*!

1. Wuhan University of Technology, State Key Lab of Advanced
Technology for Materials Synthesis and Processing, China

For the proton exchange membrane fuel cell (PEMFC), catalyst
with low cost and excellent catalytic properties is important in
application. Traditionally, the Pt catalyst particles are homoge-
neously dispersed on carbon, which might be corroded in acid
liquids in PEMFC. People were thinking about to replace carbon
with conducting ceramics. The performance of conducting ceramic
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particles in acid liquid needs to be studied. In this paper, the vari-
ations of conducting ceramic particles (TiB,, ZrB,) in HF and
H,O, were studied. Conducting ceramic particles will be oxidized
in different extent in the environment of HF and H,0,. However,
the oxidization can be minimized through appropriate process.
Conducting ceramic particles as catalyst carriers with two different
structures were analyzed. The catalysts prepared with Pt on Nafion
stabilized TiB, particles displays more stable than that of a commer-
cial Pt/C catalyst, which is likely attributed to the stability of the TiB,
support and the stabilization effect from Nafion.

4:20 PM

(ICACC-HON-024-2018) Silicon-based ceramic nanocomposites
for environmental applications (Invited)

Z.Yu*!
1. Xiamen University, College of Materials, China

Silicon-based ceramics and nanocomposites modified with
transition metals are effectively synthesized via the single-source-
precursor approach. The resultant ceramics possess advanced
properties including adsorption capacity and catalytic activity
towards organic dyes and electromagnetic (EM) properties and
have to be considered as potential candidate materials for environ-
mental applications. Depending on the transition metal, in-situ
formed carbon nanophases as well as (multinary) ceramic phases are
generated. The introduction of metal such as Fe and Ni endows the
final ceramic nanocomposites magnetic properties and nanoporous
characteristics with excellent adsorption capacity, catalytic activity
and convenient recycling ability for removal of organic dyes.
The introduction of Hf and/or Ta results in the in-situ formation of
HfyTal-yCxN1-x-carbon core-shell microstructure together with
graphene-like carbon dispersed within the Si-based matrix. Due to
the enhanced dielectric properties, Hf and/or Ta containing Si-based
ceramic nanocomposites possess outstanding EM performance
and versatile designability ranging from EM absorbing to shielding
behavior, which shows substantial progress beyond the state of the
art. The relationship between the obtained nano/microstructure of
the synthesized Si-based ceramics and their property features will be
highlighted.

4:40 PM

(ICACC-HON-025-2018) Structure and properties of Si,N,/
graphene nanocomposites (Invited)

C. Balazsi*'; K. Balazsi'
1. HAS Centre for Energy Research, Hungary

Advanced ceramic materials have proved their superior wear resis-
tance as well as mechanical and chemical properties in a wide
range of industrial applications. Today there are standard materials
for components and tools that are exposed to severe tribological,
thermal or corrosive conditions. The main aim of this work is to
develop novel, highly efficient tribological systems on the basis of
ceramic/graphene nanocomposites as well as to prove their supe-
rior quality and to demonstrate their suitability for technical
applications e.g. for slide bearings and face seals in aqueous media.
Current research in the field of ceramic nanocomposites shows
that is possible to make ceramic materials with improved mechan-
ical and tribological properties by incorporating graphene into
the Si;N, structure. Multilayered graphene (MLG) was prepared
by attritor milling at 10 hours intensive milling of few micrometer
sized graphite powders. Si;N,/MLG nanocomposites were prepared
by attritor milling and sintered by hot pressing (HP). The Si;N,
ceramics were produced with 1wt%, 3wt%, 5wt% and 10wt% content
of MLG. The tribological behavior of composites in different envi-
ronments was investigated and showed the decreasing character of
wear at increased MLG content. This new approach is very prom-
ising, since ceramic microstructures can be designed with high
toughness and provide improved wear resistance at low friction.

*Denotes Presenter

5:00 PM

(ICACC-HON-026-2018) Heat Resistant Liquid-Phase Sintered
Silicon Carbide Ceramics (Invited)

Y. Kim*'; T. Nishimura®
1. University of Seoul, Dept. of Materials Science & Engineering, Republic

of Korea
2. National Institute for Materials Science (NIMS), Japan

Microstructure and high temperature strength of three different
liquid-phase sintered SiC ceramics with a small amount of additives
were characterized: SiC ceramic sintered with 1 wt% AIN-Lu,O,
(SCALu); SiC ceramic sintered with 1 vol% Y,0;-Sc,0; (SCYSc);
and SiC ceramic sintered with 2000 ppm Y,0, (SCY2). Observation
of the ceramics using HRTEM showed the followings: the SCALu
exhibited a lack of amorphous films in both SiC/SiC boundaries
and junction areas; the SCYSc exhibited both clean and crystallized
SiC/SiC boundaries, as well as clean SiC/junction phase bound-
aries; and the SCY2 exhibited a clean SiC/SiC boundaries without
an intergranular glassy phase and an amorphous Y-Si-O-C-N junc-
tion phase with nanocrystalline Y-containing phase embedded.
The SCALu and SCY2 maintained 100% of their room temperature
(RT) strength (630 MPa and 550 MPa, respectively) up to 1600°C
and 1700°C, respectively. Degradation at temperatures above those
temperatures was due to softening of the grain boundary phase, as
evidenced by the nonlinear behavior of load-displacement curves.
The SCYSc maintained 93% of its RT strength (536 MPa) up to
1600°C, and showed rapid degradation at temperatures above
1700°C. The present results suggest that LPS-SiC could be more heat
resistant than solid state sintered SiC ceramics by judicious selection
of sintering additive composition with a minimal amount of additive
content.

7th Global Young Investigator Forum

Novel Ceramic Processing Methods and Synthesis

Routes

Room: Coquina Salon G

Session Chair: Daniele Benetti, Institut National de la Recherche
Scientifique

1:30 PM

(ICACC-GYIF-015-2018) Towards the colonization of Mars by
means of in-situ resource utilization: Slip cast ceramics from
Martian soil simulant (Invited)

D. Karl*'; F. Kamutzki'; A. Zocca®;, O. Goerke'; J. Guenster’; A. Gurlo’

1. Technical University of Berlin, Chair of Advanced Ceramic Materials,
Germany

2. Federal Institute for Materials Research and Testing (BAM), Ceramic
Processing and Biomaterials, Germany

Planet Mars is the most suited candidate for human colonisation as
it has similar size, close proximity and similar weather conditions to
Earth. In the course of human exploration and subsequent colonisa-
tion of our neighbouring planet mankind will need to build a variety
of things on site. The only viable way to produce on Mars will be to
use in-situ resource utilization (ISRU). ISRU is the practice of on-site
collection, processing, storing and use of native materials encoun-
tered in the course of human or robotic space exploration, replacing
materials that otherwise would have to be transported from earth.
On Mars the most readily available resources are surface minerals,
called regolith. Regolith’s chemical makeup makes conceivable the
extraction of two classes of materials - ceramics (including glass)
and metals. Focusing on ceramic materials, we wish to present the
first slip/slurry based processing route to manufacture ceramics on
Mars, demonstrating that by applying exclusively Martian resources
from fabrication to finished product, a route similar to traditional
ceramics can be established for the future colonization of Mars.
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Furthermore, we will explore the possibility to use water-based
slurries in conjunction with additive manufacturing technologies
like layer-wise slurry deposition (LSD) to gain remotely controlled
production capabilities on Mars.

2:00 PM

(ICACC-GYIF-016-2018) Preceramic Polymer Routes to
Advanced Ceramics (Invited)

E. Ionescu*'

1. Technical University Darmstadt, Materials Science, Germany

Polymer-derived ceramics (PDCs) have been addressed in the last
decades and were shown to possess intriguing properties which make
them excellent candidates as structural and (multi)functional mate-
rials. PDCs can be synthesized via polymer-to-ceramic conversion
of suitable single-source precursors, leading in a first step to amor-
phous single-phase materials, which subsequently undergo phase
separation and crystallization processes to furnish bi- or multi-phase
ceramic nanocomposites. In the present talk, the conversion of the
single-source precursors into PDC, which are of amorphous nature,
as well as subsequent phase separation and crystallization processes
occurring at high temperatures will be addressed in detail. Special
emphasis will be set on describing the intimate relationship between
the molecular architecture of the single-source precursors and the
phase composition / microstructural features of the resulting PDCs.
Preparative concepts for the knowledge-based design of PDCs with
tailored phase compositions and property profiles as well as selected
energy-related applications will be highlighted and discussed.

2:30 PM

(ICACC-GYIF-017-2018) Investigation of porous alumina
derived from a slurry including aluminum powder and
polysiloxane

K. Kita*'; N. Kondo'

1. AIST, National Institute of Advanced Industrial Science and Technology,
Structual Materials Research Institute, Japan

Porous alumina is one of promising materials for light structure
material, substrate, gas separator, filter, insulator etc. To obtain
porous alumina, we tried sintering porous alumina by using a
mixture containing alumina powder and aluminum powder coated
by a polysiloxane. Due to transformation of the polysiloxane into
aluminum silicate or mullite, porous alumina could be obtained by
using the mixture after sintering at 800 degree C or over. Moreover,
the density and porosity of porous alumina were almost fixed. In this
study, we tried sintering porous alumina by using slurry including
alumina powders with various diameters for adjusting the density
and porosity of the porous alumina.

3:10 PM

(ICACC-GYIF-018-2018) Novel Low-temperature Process for the
Synthesis of Perovskite-type Oxide Fine Powders (Invited)

Y. Yamaguchi*'; H. Shimada'; H. Sumi'; T. Yamaguchi'; K. Hamamoto';
K. Nomura'; Y. Fujishiro'

1. National Institute of Advanced Industrial Science and Technology
(AIST), Japan

Perovskite oxides are widely used as the functional ceramic mate-
rials. To obtain the high function, many kinds of perovskite oxides
were prepared by some solution methods. In this study, a novel
large-quantity synthesis method of perovskite fine powder was
developed. Some perovskite oxides (ABO;) were successfully
prepared by only leaving the starting material powder mixture at
around 25 °C. This starting material included an alkaline earth
hydroxide (A(OH),) and a hydrous metal oxide gel (BO,-nH,0).
The synthesis reaction occurred based on an acid-base reac-
tion between the hydroxide and the oxide gel. For example,
strontium titanate (SrTiO;) could be prepared at 25 °C by leaving

9 42nd International Conference & Exposition on Advanced Ceramics & Composites

the powder mixture including strontium hydroxide octahydrate
(Sr(OH) ,-8H,0) and titania hydrous gel (TiO,-nH,0) for 10 days. In
spite of the room-temperature synthesis, this SrTiO, had a quite high
crystallinity, which was comparable to that prepared by a solid-state
synthesis at 1400 °C. The particle size of SrTiO, was approximately
80 nm. In this synthesis, the hydrated water in oxide gel played an
important role to promote the present synthesis reaction. In addi-
tion, it was found that the tolerance factor of perovskite oxide was
also important for the formation of perovskite structure. When the
tolerance factor was larger than 1, perovskite oxides could be synthe-
sized at around 25 °C.

3:40 PM

(ICACC-GYIF-019-2018) Complex colloidal approaches for
direct ink writing of ceramic suspensions (Invited)

E. Garcia-Tunon*!

1. University of Liverpool, Materials Innovation Factory & School of
Engineering, United Kingdom

As new technologies in key areas such as energy and medicine
develop, the demand for state-of-the art fabrication to create
complex multifunctional structures and devices also grows. Additive
Manufacturing (AM) promises a revolution on how things are made,
bringing freedom to create completely new designs and more effi-
cient devices. But making this a reality, demands a major effort in
material development, since the commercial applications in AM
are mostly limited to a number of metals and polymers. Aiming to
address current challenges in the field, we have developed different
water-based formulation for robocasting; an AM technique also
known as direct ink writing and 3D printing. The formulations are
designed following three strategies based on: ‘responsive’ building
blocks (using pH responsive surfactants); hydrogels (thermo-respon-
sive copolymers); and 2D colloids as rheology modifiers. The three
approaches are flexible, clean and robust. They provide 3D-printable
pastes with controlled viscoelasticity for materials with different
chemistries and shapes: from oxide and non-oxide ceramics and
metals to polymers and even steel. This enables printing complex
3D structures with controlled architecture at multiple scale lengths
for health and energy applications. This talk will illustrate these
approaches, the optimum rheological behaviour for the printing
process and the properties of the final objects.

4:10 PM

(ICACC-GYIF-020-2018) Young modulus and electrical
conductivity of GNP/3YTZP composites prepared by PLS

C. Lopez Pernia*’; R. Poyato Galan’ A. Gallardo Lopez'; A. Morales
Rodriguez'

1. Universidad de Sevilla, Fisica de la Materia Condensada, Spain
2. Instituto de Ciencia de Materiales de Sevilla, Spain

Multilayered graphene is a potential nano-scale reinforcement for
ceramics, since it can improve the mechanical properties and make
the ceramics electrically conductive. These facts make graphene-ce-
ramic composites very interesting for some applications like
electro-discharge machining. These advanced composites are typi-
cally prepared by wet powder processing followed by a sintering
technique which usually involves uniaxial pressure, such as
spark plasma sintering or hot pressing. However, these sintering
techniques require expensive equipments and produce highly
anisotropic materials. Besides, there is a lack of studies about the
properties of graphene ceramic matrix composites prepared by
conventional pressureless sintering (PLS). This work focuses on
the properties of composites of 3YTZP with inclusions of graphene
nanoplatelets (GNP) sintered by PLS in a wide temperature range.
The elastic modulus of the composites is measured by the impulse
excitation technique. The electrical conductivity is studied for two
orientations of the composites: parallel and perpendicular to the
pellet axis, to detect anisotropy in this property. The effects of the
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powder processing, the GNP content and the sintering temperature
on the Young modulus and electrical conductivity of the composites
are analysed and discussed.

4:30 PM

(ICACC-GYIF-021-2018) Investigation of the diffusion path for
the nitridation of TiSi, powder with nickel addition and nitride
ceramic synthesis

L. Nouvian*'
1. LCTS - CNRS, France

The nitridation mechanism of a TiSi, solid with nickel addition was
examined. First, a TiSi,/Ni interface was obtained by Spark Plasma
Sintering (SPS) and isothermally treated at 1080°C for durations
between 1 and 4 hours under normal pressure and continuous flow
of pure nitrogen or argon. The diffusion paths were determined
with the help of the ternary diagram of the system Ti-Si-Ni and
the chemical quantification of the phases formed during the treat-
ments. During the treatment, a eutectic liquid, NiSi, is formed and
permits to enhance the reaction of the system. Knowing that, the
influence of parameters such as temperature, duration and gran-
ulometry was examined for the nitridation of a powder containing
10mol.% of Ni and 90mol.% of TiSi,. The conversion rates estimated
thanks to the mass variations during the treatment showed that the
reaction is complete for temperatures between 1060°C and 1100°C,
and durations between 3 and 5 hours. The phases formed during
the nitridation were TiN, Si,N, and Ti,Ni,Si, or NiSi depending on
the duration and the temperature. It showed that for experimental
conversion rate reaching 82%, the NiSi phase is formed whereas
under 82% it is the ternary component Ti,Ni,Si, which exists.

Poster Session A
Room: Ocean Center Arena

5:00 PM

(ICACC-S2-P002-2018) YOF Coatings Prepared by Suspension
Plasma Spray

S. Lee*; Y. Oh'

1. Korea Institute of Ceramic Engineering and Technology (KICET),
Republic of Korea

We have fabricated YOF coatings using suspension plasma spray
(SPS) technique. The YOF coating has been studied as a promising
protective material against Fluorine-base plasma. In this study,
YOF was in-situ synthesized during SPS coating using Y,O, and YF,
powders as raw materials by controlling the plasma spray condition.
In addition, YOF material was syntheised through solid state reac-
tions and then it was used for SPS.

(ICACC-S2-P003-2018) High Temperature Insulating Properties
of Aerosol Deposited Alumina Films

M. Schubert*'; N. Leupold'; J. Kita'; R. Moos'

1. University of Bayreuth, Department for Functional Materials, Germany

Due to its very low electrical conductivity, alumina is a widely
used material for high insulating films. As alumina is typically
sintered above 1200 °C, low melting substrates like polymers or
low-melting metals are excluded for applications. The Aerosol
Deposition Method (ADM) is a novel ceramic coating technique.
It allows manufacturing of dense ceramic films at room tempera-
ture directly from ceramic powders without any high temperature
sintering steps. Thereby, it is possible to produce high insulating
alumina films on nearly all types of substrates. As known from liter-
ature, the functional properties of aerosol deposited films directly
after deposition are not completely identical with bulk samples.
Nevertheless, annealing at temperatures around 500 °C can improve
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these properties. Therefore, it is necessary to know the electrical
resistivity of aerosol deposited alumina films after deposition and
after annealing. In this study, alumina films were deposited by
ADM on a three-electrode setup with guard ring and the electrical
conductivity was measured between 400 °C and 900 °C by direct
current measurements according to ASTM D257 or IEC 60093.
The measured conductivities correlate well with literature values and
can be improved by annealing at 900 °C. The processed films show
an even higher resistivity than conventional alumina substrates.

(ICACC-S2-P004-2018) Effect of difference in thickness of
coating and type of substrate on aerosol deposited mullite coating
under heat exposure

T. Shibuya*; A. Iuchi'; T. Kayama'; M. Hasegawa'
1. Yokohama National University, Japan

Environmental barrier coatings (EBCs) are essential for SiC fiber
reinforced SiC ceramics matrix composites (SiC/SiC CMCs) to
protect from heat and combustion atmosphere which has oxygen
and water vapor in next generation turbine engines. Typical EBCs
are composed of several ceramics layers formed by air plasma
spraying (APS). However, the APS coatings is porous and has amor-
phous phases. Due to the shrinkage of the coatings by sintering and
crystallization at high temperature, vertical cracks initiate at EBCs.
This promotes substrate oxidation and leads the coating spallation.
In order to prevent it, dense coatings are required from the as-de-
posited state. Aerosol deposition (AD) is known to fabricate a dense
ceramic coating directly on a substrate at room temperature. In this
study, mullite which is one of the component materials for EBCs is
deposited on two kinds of substrates: silicon and SiAION. Effect of
difference in thickness of layer and type of substrates on AD mullite
coating under heat exposure in an air at 1573 K is investigated. In
the mullite coating on the silicon substrate, aluminum and oxygen
mutually diffused during the heat exposure. The mullite decom-
posed at the vicinity of the interface between mullite and silicon. On
the other hand, decomposition of mullite delayed on the SiAION
substrates in same heat exposure condition.

(ICACC-S2-P005-2018) Evaluation of Ti,AlC as Environmental
Barrier Coating for Ti Alloys

Y. Chen*'; A. Pilchak? R. John? I. Karaman'; M. Radovic'

1. Texas A&M University, Materials Science & Engineering, USA
2. Air Force Research Laboratory, USA

Ti,AIC MAX phase has promising applications at elevated tempera-
ture due to its excellent oxidation resistance. A thin layer of Ti,AIC
was is successfully diffusion bonded onto Ti alloy Ti6242 at
800 °C by Pulsed Electric Current Sintering (PECS). Interfacial
phases and their evolution after long exposure to high tempera-
tures for different times were characterized using scanning electron
microscopy and electron backscatter diffraction analysis. It was
found out that as a result of diffusion of Al from Ti,AlC to Ti alloy,
B phase in Ti alloy transforms to o phase, and then intermetallic
TiAl and TiAl, starts to form at the interface when Al amount is
sufficiently high. The interfacial structure is confirmed to be Ti,AIC/
TiAL/TiAl/o-Ti alloy. Nano-indentation tests showed a smooth
change of the elastic moduli thorough the interface between Ti,AlC
and Ti alloy. Oxidation tests carried out at 800 °C under static air
for 100 h showed that Ti,AlC can be used as protective coating to
prevent severe oxidation of Ti6242 alloy. Oxidation of Ti6242
samples with different thickness of T1,AlC protective layers was also
studied and discussed in more details.
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(ICACC-S2-P006-2018) Texture Development of Aerosol
Deposited Alumina Coating for Advanced Environmental Barrier
Coatings

K. Kimura*'; M. Komuro'; M. Hasegawa'; M. Tanaka’; S. Kitaoka’;

Y. Kagawa’

1. Yokohama National University, Solid State Materials and Engineering,
Japan

2. Japan Fine Ceramics Center, Japan

3. Tokyo University of Science, Japan

An advanced environmental barrier coatings (EBCs) composed of
a multilayer of alumina and Y,Ti,0, which reflect thermal energy
from radiation and prevent oxidation of the substrate of SiC fiber
reinforced SiC ceramic matrix composites. During the high tempera-
ture service, structure and microstructure of EBCs are required to
be stable. Thus, EBCs are necessary to have a dense ceramic coating
from the as-deposit state. Aerosol deposition (AD) is known as a
ceramic coating process which can form dense ceramic coatings
at room temperature by impacting fine ceramics powders on the
substrate. In this study, texture development of alumina coating by
different AD process conditions such as the distance between the
nozzle and substrate, the angle of the flow direction from the nozzle
to the substrate plane, and gas flow rate were evaluated. Dense and
crystalline coatings were formed without chemical composition
change between coatings and raw powders. Fiber texture where the
(0001) plane of alumina is tilted about 15° from the coating plane
was formed in case that the flow direction is 90°. When the flow
direction is 60°, (0001) plane is tilted about 25° from the coating
plane. Further, it is informed that (0001) plane is declined about
40° from the coating plane. The difference in formed texture will be
discussed based on the change in slip system and deformation mode
of the particle.

(ICACC-S2-P007-2018) Oxidation Study of Ultra High
Temperature Ceramic Coatings Based on HfSiCN

D. Sacksteder'; D. Waters'; D. Zhu*!
1. NASA Glenn Research, Materials and Structures Division, USA

High temperature fiber-reinforced ceramic matrix composites
(CMCs) are important for aerospace applications because of their
low density, high strength, and significantly higher temperature
capabilities compared to conventional metallic systems. The use of
the SiCf/SiC and Cf/SiC CMCs allows the design of lighter-weight,
more fuel efficient aircraft engines and also more advanced space-
craft airframe thermal protection systems However, CMCs have to
be protected with advanced environmental barrier coatings, when
they are incorporated into components for the harsh environments
such as in aircraft engine or spacecraft applications. In this study,
high temperature oxidation kinetics of an advanced HfSiCN coating
on Cf/SiC CMC substrates were investigated at 1300, 1400, and
1500°C by using thermogravimetric analysis (TGA). The coating
oxidation reaction parabolic rate constant and activation energy
were estimated from the experimental results. The oxidation reac-
tion studies showed that the coatings formed the most stable,
predominant HfSiO4-HfO2 scales at 1400°C. A peroxidation test
at 1400°C then followed by subsequent oxidation tests at various
temperatures also showed more adherent and slower scale growth
because of reduced the initial transient oxidation stage and increased
HfSiO4-HfO2 content in the scales formed on the HfSiCN coatings.

(ICACC-S3-P009-2018) Cation Interdiffusion between
Lanthanum Strontium Manganite and Yttria-Stabilized Zirconia
Y. Yu*'; J. Liu; Y. Jee'; P. Ohodnicki'; H. Abernathy'; T. Kalapos';

G. Hackett'

1. National Energy Technology Laboratory, USA

Lanthanum Strontium Manganite (LSM) and Yttria-Stabilized

Zirconia (YSZ) have been chosen and widely used as cathode and
electrolyte materials for solid oxide fuel cells (SOFCs) due to their
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various conductive, mechanical, and catalytic properties. However,
during operation, the gradual change in the composition bordering
two phase boundaries produces a corresponding degradation in
cell performance. To minimize the SOFC degradation, this change
between the two phases must be understood. This study focuses
on quantification of the interdiffusion of cations between LSM and
YSZ at different temperatures, oxygen partial pressures and polar-
ization conditions. In this study, cation interdiffusion behaviors
across LSM/YSZ interfaces have been studied and quantified by
transmission electron microscope (TEM)-based energy dispersive
X-ray spectroscopy (EDS). Porous electrode samples as well as thin
film LSM on single crystal YSZ model systems were used in this
study. These samples have been subjected to testing under various
temperatures, atmospheres and amounts of polarization prior to
investigation using TEM. The effects of such testing conditions on
cation interdiffusion profiles will be discussed.

(ICACC-S3-P010-2018) Relationship between LSM/CeO,
nanocomposite composition and cathode properties

H. Sakuma*'; S. Suda'; J. Wiff*

1. Shizuoka University, Japan
2. FCO Power Inc,, Japan

Co-sintering of SOFC cells is indispensable for fabricating high-ef-
ficient compact SOFC stacks. La, ,Sr,MnO, (LSM) shows preferable
low-reactivity with fluorite electrolytes during sintering at high
temperatures, but lower cathode properties than LSC or LCSF
because of poor oxygen ion conductivity. We then prepared nano-
composite of a-site deficient LSM and CeO, to improve oxygen
diffusion of LSM. Adequate glycine (GL) and Pechini(PE) processes
made nano-scale dense LSM/CeO, composites. Oxygen diffusion
coefficient (D) and surface reaction constant (k) were estimated
by electrical conductivity relaxation (ECR) method. The LSM/
CeO, nanocomposite that was composed of 10 mol% CeO, much
improved D value as compared to LSM. However, LSM composition
of the nanocomposite was much altered by easy La diffusion from
LSM to CeO,. The amount of diffusion depended on composite
fabrication processes. PE process showed relative large diffusion, but
solid-state process showed no diffusion. The La diffusion to CeO,
makes La doped CeO, (LDC) and it increases oxygen ion conduc-
tivity of CeO,, but diminishing La of LSM would much decrease
cathode properties. More than 25% La of LSM was moved from
LSM to CeO, when the nanocomposite was prepared by GL or PE
method. The composition optimization by considering La diffusion
depending on preparation processes was essential to make most use
of LSM/CeO, nanocomposite cathode.

(ICACC-S83-P011-2018) Preparation and Characterization
of BaY,,Ce,,Zr, 0, , Ceramic Powder by Glycine Nitrate
Combustion (GNC) Process for Proton Solid Oxide Fuel Cell

W. Kao'; T. Lin*'; M. Liao'; H. Kuo'; C. Yeh'; Y. Chen'; R. Lee'

1. Institute of Nuclear Energy Research, Nuclear Fuels and Materials
Division, Taiwan

Proton conducting SOFC owns higher ionic conductivity than that
of the conventional SOFC with oxygen ion conducting electrolyte.
BaY,,Ce,,Zr,,0,, (BYCZ) is a promising candidate as electrolyte
for a proton SOFC (P-SOFC). In this work, the ceramic powder
of BYCZ was synthesized by glycine nitrate combustion (GNC)
process. Characterizations of the powders were executed by X-ray
diffractometer (XRD), field-emission scanning electron microscopy
(FE-SEM), and Brunauer-Emmett-Teller (BET) analyses. The results
reveal that the single phase of perovskite structure of BYCZ powder
occurs at calcination temperature of 1550 °C and the average value
of the thermal expansion coefficient (TEC) is 12.6 x 10° K at the
temperature range of room temperature to 700 °C. In addition,
the relative density of BYCZ powder can be achieved near 100 %
at 1550 °C. The result indicates that the crystal phase of BYCZ is
cubic perovskite structure at the calcination temperature of 1550 °C.
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Further application on the BYCZ-based P-SOFC cell performance
evaluation will be conducted.

(ICACC-S3-P012-2018) Ionic Conductivity and Phase
Stabilization in Zirconia-Scandia-Europia

J. P. Souza'; E. N. Muccillo*!
1. Energy and Nuclear Research Institute, Brazil

Zirconia-8 mol% yttria is widely used as electrolyte in solid oxide
fuel cells, due to its high ionic conductivity and good mechanical
and chemical properties. Nevertheless, scandia-stabilized zirconia
is recognized as exhibiting the highest ionic conductivity among
zirconia-based solid electrolytes. Stabilization of the high symmetry
and high ionic conductivity cubic phase in this system is non-trivial.
Introduction of a second additive (or dopant) is a usual strategy to
overcome that constraint. In this work, europium oxide has been
added to 10 mol% scandia-stabilized zirconia (10ScSZ) aiming full
stabilization of the cubic structure at room temperature. The influ-
ence of europia addition (up to 1.25 mol%) on phase stabilization
and ionic conductivity of 10ScSZ was investigated by differential
scanning calorimetry and impedance spectroscopy. The higher is the
fraction of europia into solid solution the lower is the temperature
of the endothermic event due to phase transition. The cubic phase
is fully stabilized at room temperature for 1 mol% europia addi-
tion. The grain and total ionic conductivity show typical Arrhenius
behavior. The magnitude of the total conductivity increases with
increasing europia addition.

(ICACC-S3-P013-2018) Influence of Calcium Addition on the
Electrical Conductivity of Samarium Doped Ceria

S. L. Reis*'; E. N. Muccillo'
1. Institute of Nuclear Energy Research, Brazil

Ceria-based ceramics have been proposed to be used as solid elec-
trolyte in solid oxide fuel cells operating at intermediate (500-750°C)
temperatures, due to their high ionic conductivity. Samarium ion
is recognized as one of the most reliable dopants for cerium oxide
because of its lower association energy with oxygen vacancies. One
challenge posed to ceria-based solid electrolytes is how to improve
sinterability, avoiding high temperatures to attain good densifica-
tion. Thermal treatments at high temperatures may reduce Ce*" to
Ce™, favoring electron transport and generation of micropores in
the sintered electrolyte. Introduction of a second additive is a usual
approach to overcome these constraints. In this work calcium ion
was chosen as the second additive. Sm,, ,Ca,Ce,O,,., compo-
sitions, with x = 0, 0.025, 0.05, 0.1, 0.15 and 0.2, were prepared by
solid-state reaction, and the influence of the additive content on
densification and ionic conductivity was investigated. All composi-
tions were found to have cubic fluorite-type structure. The optimal
composition was Smy ;,5Cag,5Cey 5O, 455, Which showed a relative
density of 97%, single phase and higher ionic conductivity than the
Sm,,Ce, O, , parent electrolyte.

(ICACC-S3-P014-2018) Aerosol Deposition of barium-based
perovskites as solid electrolyte film for fuel cells

J. Exner*'; T. Nazarenus'; H. Pépke?; F. Fuchs?; J. Kita'; R. Moos'

1. University of Bayreuth, Department of Functional Materials, Germany
2. Kerafol Keramische Folien GmbH, SOFC Department, Germany

Solid oxide fuel cells (SOFC) are of interest for clean and reliable
energy conversion technologies. State of the art SOFCs based on
ScSZ or YSZ (scandia or yttria stabilized zirconia) electrolytes that
conduct oxide ions. Typically, they require high temperatures above
800 °C. In contrast, barium- or strontium-based perovskites are
receiving increased attention due to their potential use as proton
conducting membranes that could already be operated at tempera-
tures of 500 °C and even below. However, a major drawback of
these materials limiting their commercial use is the high sintering
temperature of 1500 °C to 1700 °C. To overcome the necessity of
sintering, we intended to form dense and well-adhering perovskite
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films by Aerosol Deposition (AD). The unique feature of this
spray coating technique is the possibility to form dense, nanocrys-
talline ceramic films directly from the ceramic powder without
the need for a heat treatment during or after deposition. Three
different compounds were synthesized, namely barium zirconate
(BaZrO,), barium cerate (BaCeO,) and barium stannate (BaSnO,).
Each compound was doped with 10 % and 20 % yttrium, respec-
tively. Resulting films are dense and between 2 um and 10 um thick.
The crystal structure of the powder was retained during coating
and was still present in films. Especially BaZrO, and BaCeO, films
feature high conductivities of up to 10 S/cm at 800 °C.

(ICACC-S3-P015-2018) Residual Stress Measurement of 8 mol %
YSZ Coating for SOFC Application

Z.Ruhma'; K. Yashiro'; F. Iguchi*’; T. Kawada'

1. Tohoku University, Graduate School of Environmental Studies, Japan
2. Tohoku University, Graduate School of Engineering, Japan

As for SOFC application, 8 mol% YSZ coating usually is fabricated
by using wet ceramic or physical deposition route. In contrast
with wet ceramic method, physical deposition route such as PLD
and plasma spraying, leaves residual stress because of difference in
temperature and material properties of coating-substrate during
deposition process. By knowing changes in residual stress, deposi-
tion condition, material properties, and defects inside a coating, it
is possible to explain how the defects were formed, therefore the
desired dense, crack-free YSZ coating can be fabricated. We tried to
quantify residual stress inside PLD deposited 8 mol% YSZ by sin® psi
XRD and raman method. As for XRD method, by using (422)-cubic
YSZ, respectively, we are able to quantify the residual stress inside
the deposited film. However, as for raman method, one has to know
the raman peak shift with variation of stress inside material, so that
by measuring how much a raman peak is shifting, one can quantify
the residual stress that is contained inside of material.

(ICACC-83-P016-2018) Reactive Spray Deposition Technology
(RSDT): A flamed-based process for SOFC diffusion blocking
layer and cathode

T. Ebaugh*'; L. Bonville’; R. Maric®

1. University of Connecticut, Chemical Engineering, USA
2. Center for Clean Energy Engineering, USA

An important focus for SOFCs is the improvement of cell life-
time and reduction in materials costs by developing cells capable
of running in an intermediate temperature range (773-923K). In
this range, LSCF (La,(Sr,,Co,,Fe,30;) is a promising cathode
material due to its good electronic and ionic conductivity. A GDC
(CeysGdy,0, 65) blocking layer must be applied between the YSZ
(Zry0,Y,050,.5) electrolyte and the LSCF cathode to prevent the
formation of SrZrO;. The presence of SrZrO; leads to resistive losses.
RSDT is used to deposit a GDC diffusion blocking layer and a LSCF
cathode layer on half cells with NiO,YSZ anode support, NiO,YSZ
anode functional layer, and YSZ electrolyte. The RSDT process
uses inexpensive solvents and precursors (i.e. toluene and metal
2-ethylhexanoates) in open atmosphere. With RSDT, a dense GDC
layer with good adhesion is achieved at a relatively low temperature
(~1273K) without sintering. This leads to decreased production costs
and limits the inter-diffusion of the YSZ and GDC. The cathode is
deposited using a slurry of pre-synthesized LSCF nanoparticles,
which, in some experiments is mixed with LSCF nanoparticles
directly from the RSDT flame. Test data suggest that RSDT cathodes
with this mixture of LSCF nanoparticles have better performance
(1.4 W/cm?) than RSDT cathodes made from only the LSCF slurry.
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(ICACC-S3-P017-2018) Development of Fe/Cr Alloy-Supported
Solid Oxide Fuel Cell by Plasma Technique

S. Yang*'; C. Tsai'; C. Chang'; C. Fu'; R. Lee'; H. Lee’

1. Institute of Nuclear Energy Research Atomic Energy Council, Taiwan
2. Porite Taiwan Co., Ltd., Taiwan

In this study, the large-scale mold for compression molding
process is prepared and a compression load of 200 ton is applied
to form a porous alloy specimen with dimension of 11x11x1.2
cm. The pyrolyzable filler is used in the period of manufacturing
processes in order to produce porous interconnected networks
of iron (Fe)-containing chromium (Cr)-based alloy. The speci-
mens are sintered in hydrogen at the temperature of 1350°C to
obtain porous alloy substrate. The flexural strength of porous alloy
supporting component is measured in this work. The strength of
porous alloy substrate (Sintered at 1350°C) in three-point flexure
at 25°C and 750°C are 158 MPa and 52.5 MPa, respectively. Metal-
supported solid oxide fuel cells (MS-SOFCs) are fabricated by
thermal plasma spraying technique and the anode (Ce,s;La, 40,4
-NiO,LDC-NiO), electrolyte (La,Sr,,Ga,Mg,,0;, LSGM) and
cathode (Sm, ;Sr,;C0O,.;, SSC) functional layers are deposited onto
porous alloy substrate. The 10x10 cm® MS-SOFC with effective
electrode area of 81 cm” shows the open circuit voltages is 1.03 V at
750°C. The measured maximum output power densities (@0.68V) of
this cell has reached 411 mW/cm? at 750°C by employing hydrogen
as fuel and air as oxidant.

(ICACC-S3-P018-2018) Effects of composite ratio of vermiculite/
talc seal material on gas leak properties

J. Xu*’; S. Suda'
1. Shizuoka University, Electronics and Materials Science, Japan

Glass-free high-temperature gas seals are attractive for SOFC appli-
cation because of easy set-up and excellent thermal cycle durability.
Mica is a traditional candidate for SOFC compression seals, but rela-
tively large compression load is required and gas leakage through
the interface between swelled or rough substrate would often occur
when mica is used as SOFC compression seals. We then investi-
gated vermiculite/talc composite seals to overcome the interfacial
gas leakage issues. Vermiculite irreversibly expands by firing at high
temperatures and calcined vermiculite shows excellent compression
properties. The vermiculite calcined at moderate temperature would
expand still more during it heats at an SOFC operating temperature.
This self-inflation property would settle the interfacial gas leakage
issues. The composite seals of talc and vermiculite that was calcined
at various temperatures were then prepared by cold and hot pressing
with mixed powder. The expansion rate by heating the composite
seals from room temperature to 800°C much depended on the
calcination temperature and particle size of vermiculite. The self-in-
flation composite seal with no delamination or cracks were obtained
by adjusting these parameters. The vertical expansion rate of the
seals was 0.4-30% whereas the horizontal expansion was less than
1.7%. This vertical self-inflation would much diminish the interfacial
gas leakage.

(ICACC-S3-P019-2018) Computational Phase Studies in the La-
Sr-Ga-Ni-O System

G. Soydan'; E. Kondakei'; N. Solak*'

1. Istanbul Technical University, Metallurgical and Materials Eng, Turkey

Strontium and magnesium doped lanthanum gallate (LSGM)
perovskite-type compounds are considered as promising solid
electrolytes for intermediate temperature fuel cell (IT-SOFC)
applications. For the practical use of these materials not only the
thermodynamic stability of the electrolyte and electrodes them-
selves, but also the reactivity between the electrolyte and electrodes
are needed. In the presents work, reactivity in the Sr and Mg ions
incorporated LaGaO, with Ni system, which is the main constituent
of the anodes for intermediate temperature solid oxide fuel cells
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(IT-SOFC), has been investigated both computationally and exper-
imentally. An isobarothermal section of the La-Sr-Ga-Ni-O system
was constructed. It has been found that NiO reacts with LaGaO, and
there exist extended solid solutions of La(Ga,Ni)O,, La(Ga,Ni),0,
and La,(Ni,Ga),0,,. It has also been found that, in the presence of
Sr ions and direct contact conditions, NiO diffusion from the anode
and cathode materials to LaGaO; is inevitable.

(ICACC-S$4-P020-2018) DFT Study of Yttrium Adsorption on
Boron suboxide (0001) Surface

J. S. Dunn*’; K. D. Behler'; J. LaSalvia'; M. P. Harmer? C. J. Marvel®

1. U.S. Army Research Laboratory, USA
2. Lehigh University, Materials Science and Engineering, USA

In this paper we developed a first principles Density Functional
Theory (DFT) model of the (0001) oriented boron suboxide (B;O)
surface and studied the structural and electronic reconstructions
along the surface as a result of surface termination (boron termi-
nated vs oxygen terminated), icosahedral stacking (ABCABC vs
ABAB), and Yttrium adsorption. We then performed a qualita-
tive analysis of the Electron Localization Function (ELF), Electron
Density Difference (EDD), band structure, and partial density of
states (PDOS) to determine the effect of these different surface
reconstructions on the chemistry and bonding behavior at the
surface. Finally, to validate the model, we compare model predic-
tions to aberration-corrected Scanning Transmission Electron
Microscopy (AC-STEM) with High-Angle Annular Dark Field
(STEM-HAADF) measurements of the atomic positions for the
surface adsorbed Yttrium along BO grain boundaries.

(ICACC-S4-P021-2018) The Effect of Heating on Indented Boron
Carbides of Varying Stoichiometry

M. C. Schaefer*'; V. Domnich'; R. A. Haber'
1. Rutgers University, Materials Science and Engineering, USA

Boron carbide is a great material for armor applications thanks to its
high hardness, low density, and high Hugoniot Elastic Limit (HEL).
However, past the HEL limit, boron carbide fails from the formation
of pressure-induced nanometer thick amorphous bands. This led to
research into failure mechanisms from plate impact experiments.
Additionally, it is believed that the material can undergo exten-
sive heating during a high impact, leading many to wonder how
heating effects the performance of the material. Using boron carbide
samples spanning the homogeneity range, the effect of heating was
investigated on the amorphous phase of boron carbides of varying
stoichiometries. Samples ranged from 9.6 at.% to 19.7 at.% carbon,
and were examined under raman spectroscopy. Vickers indentation
(5 N) were made on polished sample surfaces to induce the amorphi-
zation in the samples. Samples were heated in situ to temperatures
in excess of 800 °C to observe the stability of the amorphous
phase, and the disappearance of the amorphous raman signature at
higher temperatures. The hot stage was vacuumed down and back-
filled with inert gas to minimize oxidation from the atmosphere.
The results suggest lower temperature stability of the amorphous
phase in boron-rich boron carbide.

(ICACC-S4-P022-2018) Optimization of Consolidation
Parameters and the Resulting Mechanical Properties of Bulk
Silicon Doped Boron Carbides

M. Gagnepain*'; A. M. Etzold'; A. U. Khan'; V. Domnich'; C. Hwang';
K. D. Behler? J. LaSalvia* R. A. Haber'

1. Rutgers University, Materials Science and Engineering, USA
2. US Army Research Laboratory, USA

Previous work at Rutgers University has shown that silicon doping
in boron carbide may mitigate the issue of amorphization in high
pressure events. In the present study, iterative trials varying tempera-
ture, pressure, and dwell time in hot pressing and spark plasma
sintering of powder mixtures containing boron carbide with low
free carbon content, silicon hexaboride as well as elemental boron
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were performed in an effort to create dense bulk Si-BC samples.
The prepared samples were characterized by X-ray diffraction and
Raman spectroscopy to determine their stoichiometries and possible
changes in the lattice structure. Energy Dispersive X-ray Spectroscopy
was used in conjunction with a Scanning Electron Microscope to
map elemental distribution. Vickers micro-indentations helped
us investigate the effect of Si inclusions on fracture toughness and
Raman spectroscopy was used to probe those indents from an amor-
phization aspect in the Si-BC system. Optimization of the sintering
protocol will lead to better understanding of the limits of Si doping
in the BC system, and a dense amorphization resistant boron
carbide with a possible path to scale up to industry level production.

(ICACC-S4-P023-2018) Reactive Hot-Pressing of B,O: Effect of
Excess B,0; on Phases, Microstructure, and Properties

H. E. Payne*’; K. D. Behler’; T. Shoulders’; L. R. Vargas-Gonzalez';

]. LaSalvia*

1. U.S. Army Reseach Lab, College Qualified Leaders (CQL) and The
Pennsylvania State University, Ceramics and Transparent Materials
Branch, USA

2. U.S. Army Research Lab and SURVICE Engineering, Ceramics and
Transparent Materials Branch, USA

3. U.S. Army Research Lab and ORISE, Ceramics and Transparent
Materials Branch, USA

4. U.S. Army Research Lab, Ceramics and Transparent Materials
Branch, USA

Boron suboxide (B,O) exhibits potential for ceramic armor due to
its intrinsic properties (low density, high hardness). However, high
costs for boron (B) and processability are challenges. In this study,
reactive hot-pressing of B,O was investigated as a lower cost alter-
native compared to the conventional approach (separate powder
synthesis, processing, and densification steps). Reactive hot-pressing
is based on the common reaction for B;O: 16B + B,0,— 3B;O. Due
to volatilization of B,O; at higher temperatures, excess B,O, might be
necessary to decrease oxygen (O) deficiency. Amorphous B and 0-12
wt.% excess B,O, powder mixtures were hot-pressed at 1850°C for
3hr and 54MPa. A 1hr temperature hold at 1400°C was performed
to convert the reactants to B;O. The resulting samples were char-
acterized for densities, phases, microstructures, and 2 kgf Knoop
hardness values. Excess B,O; had a strong effect on phases, micro-
structures, and properties. Experimental procedures and results are
presented.

(ICACC-$4-P024-2018) Computer modeling of projectile’s
penetration into discrete armor panel

E. Kartuzov'; V. Kartuzov*'; O. Mikhaylov'

1. Frantsevich Institute for Problems in Materials Science NAS of Ukraine,
Ukraine

This effort brings the results of numerical experiment of projectile’s
penetration into hybrid armor panel with absorbing layer made from
various discrete elements. Modelling was performed at two scales.
Deformation of each discrete element was considered in terms of
continuum approach, hybrid armour panel was represented by a
number of discrete elements with given law of interaction. Numerical
experiment consisted in variation of micro porosity of Al damping
particles and variation of projectile’s shape and velocity as well as a
variation of material and shape of discrete reinforcing elements.

(ICACC-S4-P026-2018) Molecular-dynamic simulation of shock
wave propagation in B13-C2 ceramics
E. Kartuzov*'; V. Kartuzov'

1. Frantsevich Institute for Problems in Materials Science NAS of Ukraine,
Ukraine

This effort is to consider the properties of shock waves of high
intensity in B13-C2 boron carbide. The study is based on molec-
ular dynamics computer simulation with the use of the appropriate
Tersoff interatomic potential. The objective is to elucidate the impact
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of presence of defects and porosity on cracks formation as a result of
shock waves depending on loads intensity. Samples of various geom-
etries and direction of wave propagation as to crystal orientation
with porosity in terms of 1-15% were considered. The dependences
of threshold loads causing samples fracture on porosity degree were
obtained. Simulation results are used to explain microscopic fracture
mechanisms of cracks formation in boron carbide ceramics exposed
to shock loads.

(ICACC-S4-P027-2018) Observations of metastable explosion
and wurtzite phases of boron nitride formed by emulsion
detonation synthesis

M. Ornek*'; C. Hwang'; K. Xie’; S. Da Silva’; J. Calado’ M. K. Reddy’s;
A. Burgess*; V. Domnich’; S. Miller’; K. Hemker’; R. A. Haber'

1. Rutgers University, Material Science and Engineering, USA
Innovnano, Materiais Avangados, Portugal

Johns Hopkins University, Mechanical Engineering, USA
SprayWerks Technologies Inc., Canada

H&M Analytical Services, Inc., USA

AN o

Emulsion detonation synthesis (EDS) is a novel and recently devel-
oped process for the synthesis of nano-sized ceramics based on
detonation of two water-in-oil emulsions. This process can provide
high pressure and high temperature along with fast cooling, thus
creating ideal environment for metastable phase formation. Here
we report the application of this process for the first time on hexag-
onal boron nitride (h-BN). X-ray diffraction (XRD) and Fourier
transform infrared spectroscopy (FTIR) and transmission electron
microscopy(TEM) with selected area electron diffraction(SAED)
revealed the formation of metastable explosion BN (e-BN) and
metastable wurtzite BN (w-BN) phases at calculated pressures of
5 and 7 GPa, respectively. It was observed that e-BN phases are
10-20 nm in size and embedded in h-BN matrix. Further, scanning
transmission electron microscopy (STEM) coupled with electron
energy loss spectroscopy (EELS) revealed the presence of w-BN
phase with varying grain sizes, from nano to micron scale, and either
embedded in or coexists with h-BN. These observations demon-
strated EDS as a promising pathway for the synthesis of e-BN, w-BN
and other metastable phases.

(ICACC-54-P028-2018) A 1-D Analytical Model for
Hypervelocity Penetration of Thick Ceramic Targets

S. Bavdekar*'; G. Subhash'
1. University of Florida, Mechanical & Aerospace Engineering, USA

The Walker-Anderson model captures the one-dimensional tran-
sient and steady-state response of thick targets to penetration.
This analytical model is based on the solution of the time-depen-
dent, cylindrically-symmetric Eulerian momentum equation
along the axis of penetration and, in the case of ceramics, utilizes a
Drucker-Prager yield surface with a maximum flow stress cut-off
to characterize the constitutive response. A modified version of
this model is proposed by utilizing the extended Mohr-Coulomb
constitutive model, which captures the exponential pressure-shear
response of ceramics in a normalized universal strength model.
The extended M-C model is preferred due to its ability to capture
the experimentally observed non-linear response of confined
comminuted ceramics at ultrahigh pressure loads using a single set
of universal parameters, applicable to all ceramics. By incorporating
this model, the requirement on (often expensive) experimental data
is reduced, which is especially beneficial in the research of new mate-
rials. The target response is assumed to occur in a hemispherical
region containing nested comminuted, cracked and elastic zones of
deformation. An expanding cavity model, recently developed by the
authors, is utilized to estimate the extent of these zones within the
target. The model results are compared to numerical simulations
and experimental penetration data on brittle materials.
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(ICACC-S4-P132-2018) Reliable Measurement of Fracture
Toughness of Armour Ceramics at the Microstructural Scale

J. Jiang*; S. Falco'; N. Petrinic'; R. I. Todd'
1. University of Oxford, United Kingdom

Toughness measurements of individual microstructural compo-
nents of armour ceramics are indispensable to a full understanding
of their mechanical properties and impact behaviour. Such measure-
ments can be made by testing microcantilever beams manufactured
using focused ion beams (FIB) and including a notch at the chosen
microstructural feature. However, residual stress caused by Ga-ion
implantation at the notch root is thought to influence the results
and therefore causes inaccurate toughness values. The present
study attempts to solve this problem by two methods: (a) clari-
fying the extent of the effect of the implantation stress (IS), and
(b) enabling stable crack growth prior to failure. In the first, the IS
has been quantitatively characterised in alumina, silicon carbide
and silicon by measuring beam curvatures in a dual-beam FIB.
The effects of FIB settings and crystal orientations are investigated.
These measurements enable toughness values to be corrected for
the IS. Alternatively, stable crack growth could allow the fracture
toughness to be measured out of the implanted region. The feasi-
bility was investigated using a range of notch types and specimen
geometries, based on analytical analysis as well as numerical simula-
tions. The implications of the results for microstructural toughness
measurements are described.

(ICACC-S6-P030-2018) A two-step synthesis process of

thermoelectric alloys for the separate control of carrier density

and mobility

S.Lim'; S. Baek'; C. Park? Y. Lee?; J. Kim*!

1. Korea Institute of Science and Technology, Republic of Korea

2. Seoul National University, Republic of Korea

3. Korea Research Institute of Chemical Technology, Thin Film Materials
Research Group, Republic of Korea

It is challenging to improve the thermoelectric figure-of-merit as
its constituent terms such as Seebeck coefficient, electrical conduc-
tivity, and thermal conductivity, are inter-related in the way that
the enhancement of one term leads to the degradation of others.
Therefore, it is highly desirable to design a new synthesis process
that allows us to independently control these terms. Here, we report
a simple, two-step process combining spark plasma sintering (SPS)
and post-annealing (PA) to separately control the carrier density and
mobility in the p-type (Bi,,Sb,;),Te;. High-temperature SPS enables
enhancing the carrier mobility by reducing scattering sites such
as grain boundaries. Then, the following PA at a lower tempera-
ture allows tailoring the carrier density without the degradation
of mobility. Beyond bismuth telluride-based, room-temperature
thermoelectric materials, we believe that our result will provide an
insight for the performance enhancement of other thermoelectric
materials such as oxide and skutterudite.

(ICACC-S6-P031-2018) Fabrication and thermoelectric
characterization of Bi,Te, and Sb,Te, films grown on graphene
substrate by plasma-enhanced chemical vapor deposition

Y. Lee*; J. Kim?

1. Korea Research Institute of Chemical Technology, Advanced Materials
Division, Republic of Korea

2. Korea Institute of Science and Technology, Republic of Korea

A study on the substrate effect on the thermoelectric properties of
Bi,Te, and Sb,Te; thin films grown by plasma-enhanced chemical
vapor deposition (PECVD) was performed. Graphene substrates
having small lattice mismatch with BT and ST were used for the
preparation of highly oriented BT and ST thin films. Carrier
mobility of the epitaxial BT and ST films grown on the graphene
substrates increased as the deposition temperature increased, which
was not observed in that of SiO,/Si substrates. Seebeck coefficients
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of the as-grown BT and ST films were observed to be maintained
even though carrier concentration increased in the epitaxial BT
and ST films on graphene substrate. Although Seebeck coefficient
was not improved, power factor of the as-grown BT and ST films
was considerably enhanced due to the increase of electrical conduc-
tivity resulting from the high carrier mobility and moderate carrier
concentration in the epitaxial BT and ST.

(ICACC-S6-P133-2018) Sb nano particles in Silicon Oxycarbide
matrix as an Anode materials for Sodium-ion Batteries

W. Choi*; Y. Lee'; H. Kim'; H. Lim'; J. Park; Y. Kwon'; K. Lee’; D. Byun®
1. Korea Institute of Science and Technology, Center for Energy

Convergence, Republic of Korea
2. Korea University, Republic of Korea

Sodium-ion batteries (SIBs) have recently attracted significant
attention for electrochemical energy storage and conversion owing
to the environmental friendliness, natural abundance and low cost
of sodium compared to lithium. Among the various materials for
SIBs, antimony (Sb) has been considered to be a promising candi-
date for anodes due to its high theoretical capacity. Despite the high
gravimetric capacity advantage, these alloy-based anodes suffer
from unsatisfactory electrochemical performance originating from
inherent huge volume changes and sluggish kinetics during repeated
sodiation/desodiation. Herein, we synthesize the Sb-embedded SiOC
composites by pyrolysis of antimony acetate with SiOC precursor to
improve the sodium storage performance of Sb as anode for SIBs.
The structural and morphological characterizations reveal the Sb
nanoparticles are homogeneously embedded into the amorphous
SiOC matrix. The Sb-embedded SiOC composite electrodes exhibits
high sodium storage capacity and maintain the stable cycling perfor-
mance. Further analyses indicate that buffering matrix is effective
to release the mechanical stress during sodiation/desodiation and
suppress the agglomeration of Sb particles. This facile structural
design and synthetic method can potentially be extended to other
sodium-alloy materials for high capacity-SIBs.

(ICACC-S8-P032-2018) Complex shaped SiC-diamond
components for thermal management, high energy lasers, and
solar thermal applications

A. McCormick*'; P. Karandikar'; M. Aghajanian’
1. M Cubed Technology, Inc., R&D, USA

As the demand for higher power electronic devices increases, so
does the need for dissipating the heat produced. To achieve this
goal, chips are mounted on heat sinks. These heat sinks are made
from highly thermally conductivity (K) metals such as Cu and Al
Unfortunately, these metals have high CTE. As a result, differen-
tial-CTE induced stress is generated resulting in failures after fewer
than desired heating —cooling cycles. To overcome this problem
thermally conductive adhesives are used to mitigate the residual
stress, but they reduce heat dissipation efficiency. Other lower CTE
materials such as ceramics (e.g. AIN, BeO) and composites (e.g.
—Cu-W, Al-SiC, Cu- diamond) have been evaluated. These, have
lower K or high cost. Reaction bonded SiC -diamond composites
provide extremely high K and low CTE in addition to low cost due
to net-shape manufacturing. This work will present systematic prop-
erties of reaction bonded SiC-diamond composites with varying
diamond content (15% to 70% by weight). Theoretical analysis will
be conducted to predict the thermal properties of the SiC-diamond.
Ability to produce complex-shaped SiC-diamond components will
be demonstrated. With their unique thermal properties and high
temperature capability, complex SiC-diamond components can
be enabling for high energy lasers mirrors, solar thermal energy,
photonics, etc.
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(ICACC-S8-P033-2018) Boron - challenges to a fascinating
element

T. Schmidt*’; S. E. Vogel®

1. H.C. Starck Surface Technology and Ceramic Powders GmbH,
Application Engineering, Germany
2. H.C. Starck North American Trading LLC, USA

Elemental Boron is a very fascinating element due to its unique struc-
ture and polymorphism as well as its complex chemistry. It occurs
in several allotropic forms, most of them are not easy to access.
The preparation of pure boron is demanding and requires a well-de-
signed production process because of its increased reactivity at high
temperatures, inevitable for the reduction from its compounds.
Large volumes of amorphous boron are used in pyrotechnics (airbag
igniters, flares, propellants), explosives, and advanced ceramics,
whereas crystalline boron qualifies for permanent magnets (Nd-Fe-
B), refractory borides, targets, or neutron shielding in nuclear
industry. An increasing demand for purer and finer qualities is the
challenging task for today’s manufacturers. H.C. Starck - Germany,
a renowned boron producer for more than 60 years has accepted
that challenge and took the opportunity to improve their broad port-
folio of amorphous and crystalline boron. Based on a state-of-the-art
production facility, progress has been made to further increase the
lot to lot consistency and offer a more consistent performance.
The distinct grades revealed purity improvements due to a combi-
nation of various preparation and purification techniques available
through our versatile technology platform. We will discuss the
results of chemical and physical powder characterization, with an
emphasis on the improvements achieved and their potential benefits.

(ICACC-S8-P034-2018) Consolidation in micro-nano
technologies modeled by difference-differential transformation
method

V. Mitic*'; Z. Vosika?; L. Kocic’ G. Lazovic®; V. Paunovic®

1. Serbian Academy of Sciences, Institute of Technical Sciences, Serbia
2. Faculty of Electronic Engineering, Serbia
3. Faculty of Mechanical Engineering, Serbia

Time scale calculus (TSC) is a relatively new mathematical method,
especially, in the discreetly-continuous case, is widely utilized for
description of various types of systems and processes: 1) kinetics:
from classical mechanics (including classical time crystals), to the
biochemistry kinetics (tumor genesis); 2) quantum mechanics
(discrete and continuous Schrodinger equation) 3) open quantum
systems (photonic and phononic crystals); 4) non-equilibrium
systems in general (professor Norman Yao said: “This is a new
phase of matter, period, but it is also really cool because it is one of
the first examples of non-equilibrium matter. For the last half-cen-
tury, we have been exploring equilibrium matter, like metals and
insulators. We are just now starting to explore a whole new land-
scape of non-equilibrium matter.”); 5) topological states (the
quantum Hall efect) etc. Generally speaking, processes in those
systems are modeled with discrete time scale. Of Particular interest
is the fractal and similar scales. All these phenomena are the basis
for the development of new technologies. The difference-differ-
ential transformation method, as a dominantly numeric method,
could be used for solving corresponding discrete or continuous or
fractal equations. It is a useful mathematical tool for examining the
properties of previous phenomena (microphysics and macroscopic
quantum systems).
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(ICACC-S8-P035-2018) Thermal expansion coefficient controlled

Cu-ZrW, Mo, O, cermet material prepared using spark plasma

sintering method

H. Wei*'; R. Inoue'; A. Aimi’; K. Fujimoto?; K. Nishio'

1. Tokyo University of Science, Department of Materials Science and
Technology, Japan

2. Tokyo University of Science, Department of Pure and Applied
Chemistry, Japan

The coefficients of thermal expansion (CTE) of cermet mate-
rials differ. This difference in the CTE of these materials causes
the destruction of modules. One solution is to control the CTE. In
this study, we fabricated cermet materials consisting of copper and
ZrW,04 and ZrMo,O; with a negative thermal expansion using a
spark plasma sintering method (SPS method), and we controlled
its coefficient of thermal expansion. Cubic ZrW, Mo, O, (0%x%1)
shows isotropic negative thermal expansion (NTE) behavior not only
over a wide temperature range but also without a phase transition
temperature of ZrW, Mo, Oy (0.7%x%1) above room temperature.
Volume fraction change enabled Cu- ZrW, Mo, O cermet materials
to be successfully prepared at 673 K-773 K using SPS process. Also,
the CTEs of the samples depended on containing the amount of
ZrW, Mo, Oy in the sample; the CTE increased from -2.5x10°[K"']
(cubic ZrWMoO, 100 vol%) to 17.78x10°[K™] (Cu 100 vol%).
The results showed that the CTE of the sample could be changed
from negative to positive. Moreover, the composite material has the
potential of zero thermal expansion over a wide temperature range.

(ICACC-S8-P036-2018) New Damage Sensing Method of CNT
Coated Glass Fiber or Carbon Fiber/PP-PA Composites via 2D
and 3D Electrical Resistance Mapping

J. Park*'; J. Kim'; P. Shin'; Y. Baek'; H. Park’; L. K. DeVries®

1. Gyeongsang Natl University, Materials Eng. & Convergence Technology,
Republic of Korea

2. The University of Utah, Mechanical Engineering, USA

Evaluation of sensing for electrical conductive composites has been
implemented using electrical conductive nano materials such as
graphene, CNT and carbon fiber. Electrical resistance (ER) measure-
ment for nondestructive evaluation (NDE) was developed using
self-sensing composites because method of damage sensing and
crack prediction of composites under external load is possible to
use at aerospace, heavy industry, and automobile. In this research,
diverse damage sensing from mechanical impact and thermal aging
for electrical conductive composites was investigated by using ER
method. To have the test, electrical conductive materials such as
CNT coated GF and carbon fiber and matrixes such as epoxy and
vinyl ester were used for damage sensing and finding optimum
materials for improving the bonding force. 2D and 3D ER mapping
was used to sense and predict damages from tensile, compressive,
impact and drilling force. The differences in ER from different force
were compared to explore their usage for real time monitoring and
sensing of damages. Enhance optimum materials and conditions
from diverse force were confirmed by ER method. The observation
of the fractured surfaces exhibited an acceptable consistency with
ER results. Ultimately ER mapping should be useful for evaluating
damages in CF/PP-PA composites under various other loading
conditions.

(ICACC-S8-P037-2018) Forming limit diagram of vinyl coated
metal

J. Yoon*!

1. Hanyang University, Department of Mechanical Engineering, Republic of
Korea

Vinyl coated metal (VCM) which is sheet metal coated with PET
and PVC on galvanized steel sheet has been widely used in home
appliances such as washing machines and refrigerators since it guar-
antees superior appearance and good surface finish. However, there
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are severe issues concerning PET film fracture or delamination
during the drawing and bending processes. In this research, we’re
going to provide the forming limit diagrams of base metal and PET
film, separately, based on the Nakazima tests to take into consid-
eration of various failure tendencies with respect to deformation
modes, which enables analysis of formability prior to manufacturing
with VCM metals.

(ICACC-S8-P038-2018) Preparation of polyborosilazane-derived
SiBNC ceramic fibers by electron beam irradiation curing

J. Wang*!
1. National University of Defense Technology, China

Polymer-derived SiBNC ceramic fibers have attracted increasing
attentions due to its high tensile strength and excellent resistance
to oxidation at high-temperature. The high-temperature durability
of SiBNC ceramics is significantly influenced by Si/B ratios and the
synthetic procedures. Single-source synthetic routes can yield homo-
geneous ceramics, but the Si/B ratio cannot be efficiently adjusted.
Herein, we report the SiBNC precursor polyborosilazanes (PBSZs)
with different Si/B ratios has been established via a one-pot reaction
involving boron trichloride, dichloromethylsilane and hexameth-
yldisilazane in different molar ratios. After melt-spinning, PBSZ
green fibers were obtained and the method of electron beam irra-
diation was used to crosslink green fibers. The molecular structures
evolution from green fibers to cured fibers and the properties of
sintered SiBNC fibers have been investigated in detail. The cured
fibers performed a high ceramic yield of 80.4 wt%. After pyrolysis
at 1500 °C, SiBNC ceramic fibers were acquired, which exhibited
a good flexibility with diameter of 12 um and tensile strength of
1.22GPa. The obtained fibers could keep amorphous up to 1700 °C
and showed no mass loss at this temperature.

(ICACC-S8-P039-2018) Si-O-C compact with reduced carbon
content obtained by Spark Plasma Sintering

R. Hanatani*'; M. Narisawa'; H. Inoue'; H. Segawa’; T. Nishimura’

1. Osaka Prefecture University College, Japan
2. National Institute for Materials Science (NIMS), Japan

Si-O-C ceramics derived from Si-O-C(H) powder by hot press
at 1600°C was reported to have high creep resistance at 1100°C to
1300°C which is 2 order of magnitudes higher than that of silica.
In our research, we focused on the SPS (Spark Plasma Sintering)
method which popular to produce a dense sintered compact in
a short time by pressurization and rapid temperature rising. We
tried to prepare sintered compact from Si-O-C(H) powder by this
SPS method at the lower temperatures below 1600°C. The tempera-
tures used for SPS were 1300 - 1600°C with the pressure of 60 MPa.
The bulk density of them showed rapid increase beyond 1350°C
as temperature increased and the bulk density reached 2.36 g/cm’,
which is almost the same as that of the material Si-O-C(-H) particle.
Cross sections of compacts were smooth at 1400°C. There were
no traces of the original particle. So we thought dense sintered
compacts were obtained beyond 1350°C which was consistent
with the reported glass transition temperature of Si-O-C ceramics.
Thermal conductivity of the synthesized compacts was ca. 4.5
W/m/K and Young’s modulus was about ca. 90 GPa. These value
are bit larger than the values of silica and are much smaller than
those of silicon carbide.

(ICACC-S11-P040-2018) Development of geopolymer composites
reinforced with fiber felts

A. Conte*'; G. Passante’; P. Colombo!

1. University of Padova, Industrial Engineering, Italy
2. Trucker Subforniture s.r.L., Italy

Geopolymers are synthetic inorganic alumino-silicate materials
generally formed by reaction of an aluminosilicate with an alkali
(Na,K) silicate solution. The reaction occurs at room temperature, so
geopolymer can be considered as a type of bi-component inorganic
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resin. Considering their inorganic structure, geopolymer composites
have better thermal properties than organic resins, which typically
decompose by oxidation starting from ~400°C. In collaboration with
Trucker Subforniture s.r.l, geopolymer based composites reinforced
with different kinds of felt, have been developed as alternative to
GFRP and CFRP, for applications where a high thermal resistance is
required. Different kind of fibers were considered as reinforcement;
using felts based on recycled fibers it is possible to keep the cost
lower than that of virgin fibers, in particular for carbon and basalt
fibers. Geopolymer composites were developed using RTM and
infusion technology. In order to have a good infiltration of the felts,
the rheology of a potassium based geopolymer resin was optimized
in terms of water and alkalinity. Density, mechanical properties and
thermal stability of the different composites were tested.

(ICACC-S11-P041-2018) Mophology control of hydrothermally-
grown zinc oxide nanowires on aramid fabrics

H. Hwang*!
1. University of Michigan, Aerospace Engineering Department, USA

Zinc oxide (ZnO) nanowires have received continuous research
interests because of thier piezoelectricity and ability to be synthe-
sized in low temperatures. However, there was not much research
has been done on methods to control of the ZnO’s morphology in
most common nitrate-based hydrothermal growth solutions. In
this work, a method to induce different morphologies of the ZnO
nanowires synthesized on the aramid fabrics is introduced. Utilizing
size control of ZnO quantum dots which performs as a nucleation
sites for the growth of the nanowires and a preferential adhesion of
a metal ion impurity on (0002) surface of ZnO nanowires, drastic
changes in shape of the nanowires has been observed, recording
change of aspect ratio of 20. Interestingly, despite of relatively strong
basic environment owing to use of ammonium hydroxide in the
growth solution, the testing results on fibers and fabrics indicate
that the synthesis procedure does not give any negative influence on
tensile strength or elastic modulus of the aramid fabrics.

(ICACC-S11-P042-2018) The properties of nanocomposite
Ti-Al-V-N coating synthesized by magnetron sputtering process
with single composite target

H. Lee*'; H. Yoon'; G. Bang'; K. Moon'
1. Korea Institute of Industrial Technology, Republic of Korea

With its progress of machine tools and cutting technology, study of
multi-functional materials with high efficiency is becoming increas-
ingly important in terms of productivity, cost reduction and from
an environmental point of view. The role of adding third elements
have been studied to improve the properties of Ti-Al-N films. In
this study, Ti-Al-V based single alloying targets were prepared
by powder metallurgy of mechanical alloying and SPS. Ternary
Ti-Al-V-N based films were deposited by unbalanced magnetron
sputtering method with various alloying targets. During deposi-
tion, the substrate temperature was kept constant at 25degree in the
mixture of Ar+N, atmospheres. The composition of the films was
almost the same with that of the target. Their micro-structures
and mechanical properties were investigated by XPS, XRD, SEM,
nano-indenter, tribometer, corrosion test and etc. Also, the effects
of the vanadium on the mechanical and corrosion properties of the
Ti-Al-V-N films were studied by changing Ar:N, ratio. They showed
the highest hardness at the gas ratio of Ar:N, being 9:1. It was found
that adding vanadium elements results in increasing its hardness by
5~10GPa compared with that of TiAIN films itself. Finally charac-
terization of films was studied by comparing the single nitride films
with its graded nitride films.
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(ICACC-S11-P043-2018) Zr-base amorphous alloys Correlation
between grain size and mechanical, Electrochemical property

H. Lee*'; H. Yoon'; G. Bang'; K. Moon'
1. Korea Institute of Industrial Technology, Republic of Korea

As materials with excellent mechanical and chemical properties are
required studies on BMG have been carried out. recently, studies
have been carried out to improve mechanical properties by crys-
tallizing. [1-6] In this study, Zr-base amorphous alloys Correlation
between grain size and mechanical, Electrochemical property was
investigated. Zr-base amorphous alloy ingots were fabricated by
arc melting and amorphous powders were fabricated by high pres-
sure gas atomization method. Through the DSC and XRD analysis,
the amorphous, hyperplastic and crystallization temperatures of
the powders were investigated. The sintering temperature and the
retention time were controlled to produce a sintered body having a
grain size of nm to um, and the mechanical strength and the corro-
sion test were conducted. Microstructures were observed by optical
microscope and scanning electron microscope, and grain size was
measured by scanning electron microscope SEM_BSE. The hard-
ness and grain boundary strength were measured using a Vickers
hardness tester, Corrosion tests were carried out on the electromag-
netically polarized test.

(ICACC-S11-P044-2018) Effect of load and sliding speed on
tribological behavior of a semi-carbonized Cu/phenolic-derived
semi-metallic friction material

C.Ju*'; C. Lee’; H. Lin'; K. Lee% J. Chern Lin'

1. National Cheng-Kung University, Materials Science and Engineering,
Taiwan

2. I-Shou University, Materials Science and Engineering, Taiwan

Effects of load and sliding speed on the tribological behavior of a
semi-carbonized copper/phenolic resin-derived semi-metallic fric-
tion material used for bike brakes are reported. The material used
for the study was prepared by dry-mixing appropriate amounts of
phenolic resin powder, pure copper fiber, pure copper powder,
along with additions of graphite and vermiculite powders, followed
by hot-pressing, post-curing and semi-carbonization. The tribolog-
ical performance of the material was evaluated using a disk-on-disk
sliding wear tester at ambient temperature. Experimental results
showed that, under the same test conditions (0.11-0.37 MPa;
121-482 RPM), the present semi-carbonized semi-metallic friction
material demonstrated significantly higher COF values (0.34-0.51)
than its commercial high temperature-sintered metallic counterpart
(0.24-0.40). Another primary advantage of the present material over
the commercial metallic material is its dramatically reduced noise
level during testing. Under the same test conditions, the chance to
pick up noticeable noise during testing of the commercial sintered
metallic product was about 50%, while the chance to pick up notice-
able noise for the present semi-carbonized material was only about
1%. The research is supported by the Ministry of Science and
Technology of Taiwan, ROC (MOST 106-2221-E-006-070).

(ICACC-S11-P045-2018) Osteoporotic goat spine implantation

study with a newly-developed calcium phosphate/calcium sulfate-

based bone void filler

J. Chern Lin*'; B. Yang'; S. Lan’ C. Lin’%; C. Ju'

1. National Cheng Kung University, Materials Science and Engineering,
Taiwan

2. National Cheng-Kung University Hospital Dou-Liou Branch,
Department of Orthopedics, Taiwan

3. Joy Medical Devices Corp., Taiwan

A synthetic, inorganic, highly osteoconductive and resorbable
calcium phosphate/calcium sulfate-based bone substitute material
was developed.by a NCKU/JMD joint project. The porous gran-
ular product has a fast resorption rate, while the cement product
is featured by its non-dispersive behavior in blood/body fluid.
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Safety and efficacy of both devices were confirmed by a series of
chemical/physical characterization and biocompatibility tests.
This presentation reports the results of an osteoporotic goat spine
implantation study. 2-3 year old ovariectomized goats were treated
with Dexamethasone, fed with low calcium diet and bred away
from light. The goats of the control group of same age were fed
and bred normally. After 18 months, bone voids of vertebral bodies
were surgically created in the osteoporotic goats and the aforesaid
Ca-based granular and cement products were separately implanted
into the surgically-created bone voids. The goats were sacrificed
after 23W. Histopathologic examination showed that osteoporosis
had been successfully induced by the present treatment. The trabec-
ulae in vertebral body of the implant-filled experimental group were
significantly thicker than the unfilled, osteoporotic experiment
group and comparable to the healthy control group. The research
was funded by Southern Taiwan Medical Device Industry Cluster
(BY-02-06-27-105).

(ICACC-S11-P046-2018) Stretchable electrodes based on the
carbon/polymer/metal composite for wearable devices

S. Mhin*!

1. Korea Institute of Industrial Technology, Heat treatment R&D group,
Republic of Korea

Recent technological progress towards the application of the wear-
able devices leads to the development of flexible electrodes. So
far, various technical approaches for the flexible electrodes to be
improved mechanical and electrical reliability have been reported.
However, transferring the lab-scale processing to industrialization is
still limited due to the complex and tedious processing steps for the
preparation of flexible electrodes. Herein, we introduce facile engi-
neering steps to prepare the flexible electrodes, which is consisted
of carbon/polymer/metal composites for the potential application
to wearable devices. Simply, the composites were screen-printed on
metal substrates and then, were transferred to the polymer matrix.
The prepared composites show the electrical reliability within 15%
up to 30% elongation. Also, constant change of the electrical resis-
tance was observed depending on the degree of elongation, which
can be further applied as strain sensor.

(ICACC-S14-P047-2018) Photoluminescence of Activator-Doped
Glass-Ceramics

H. Masai*'; T. Yanagida®

1. National Institute of Advanced Industrial Science and Technology

(AIST), Department of Materials and Chemistry, Japan
2. Nara Institute of Science and Technology, Japan

We have examined the physical and luminescent properties of oxide
glass-ceramics depending on the preparation condition. The crys-
tallization process of oxide glass consists of nucleation and crystal
growth, which are directly correlated with the precipitation behavior
of crystallites. The spatial distribution of activators in glass and
glass-ceramics is also affected by both this crystallization process and
the kind of activators. In this paper, we have two activators: Sn**
and Ce”" in glass and glass-ceramics. Although two activators possess
the parity-allowed transition, which is affected by the local coordina-
tion field, the degree is dependent of the cation. Since crystallization
of the glass is affected by each transient state, the evaluation of the
structural analysis will be more important in the near future.

(ICACC-S14-P048-2018) Luminescence properties of BaO-TiO,-

Si0, glass-ceramics

H. Masai*'; T. Yanagida’

1. National Institute of Advanced Industrial Science and Technology
(AIST), Department of Materials and Chemistry, Japan

2. Nara Institute of Science and Technology, Japan

Glass-ceramic can possess not only the physical properties of both
glass and crystalline phases, but also the structural components of
both phases. In the case of BaO-TiO,-SiO, glass, fresnoite Ba,TiSi,Os,
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can be obtained by a heat-treatment. Since Ba,TiSi,0; possesses TiO4
square pyramidal structure that shows its polarity along the c-axis,
it shows various unique properties, such as fluorescence, piezoelec-
tricity, elasticity, and nonlinear optical property. In this study, we
focus on the luminescence properties of the BaO-TiO,-SiO, glass and
the glass-ceramics. As luminescent properties, not only conventional
photoluminescence but also X-ray induced luminescence (XL) such
as scintillation and stimulated luminescence were measured. Since
the XL inherently contains energy transfer from the host matrix,
it is expected that the crystallization affects the XL properties.
Several BaO-TiO,-SiO, glasses were prepared by melt-quenching
method in an ambient atmosphere. The 40BaO-20TiO,-40Si0O,,
which is the stoichiometric chemical composition of Ba,TiSi,Oy,
a large enhancement of X-ray induced scintillation was observed
by the heat-treatment of the T, + 50°C. On the other hand, in the
30Ba0-15Ti0,-55810, glass, which showed “surface crystallization
behavior”, no significant difference was observed after the same
heat-treatment. The property change by the crystallization was also
observed in the internal quantum yield.

(ICACC-S14-P049-2018) Crystal growth of Sr,Zr,0, by TSFZ
method

L. Fukasawa*'; M. Nagao'; S. Watauchi'; I. Tanaka'

1. University of Yamanashi, Center for Crystal Science and Technology,
Japan

Sr,Zr,0, is expected as a candidate of Hybrid Improper Ferroelectric
(HIF) substances. Sr,Zr,0, single crystals are necessary to exper-
imentally clarify the ferroelectricity mechanism. However,
information for crystal growth of Sr,Zr,0, from the melt is uncer-
tain. In this work, we investigated on the melting behavior of the
Sr,Zr,0, phase, and tried to grow Sr;Zr,0, single crystals by the trav-
eling solvent floating zone (TSFZ) method. Melting-solidification
experiments were performed by the slow-cooling floating zone
(SCFZ) method using an infrared heating furnace. The samples
solidified from the melt of the composition in the range of
60~80mol%SrO were analyzed by SEM&EDS. On the basis of the
results, we tried to grow crystal of Sr;Zr,0, by the TSFZ method
using the solvent of 70mol%SrO. As the result of SCFZ experiments,
it was found that the Sr,;Zr,0, phase melts incongruently to SrZrO,
phase and a liquid phase. Also the result suggests that the Sr,Zr,0O,
phase coexists with a liquid near 70mol%SrO. In crystal growth of
Sr,Zr,0, by TSFZ method, we were confronted with some problems
such as evaporation of strontium component from the molten zone
and stability of the molten zone. To solve these problems, the growth
conditions such as the amount of the solvent and heating technique
were optimized. We will discuss on the crystal growth in details at
the presentation.

(ICACC-S14-P050-2018) Investigating the Mechanical and
Piezoelectric Properties of Combinatorially Deposited
Al, ., Sc. BN Thin Films

Y. Chen*’; K. Talley; S. Manna'; C. Ciobanu'; C. Packard'; G. L. Brennecka'
1. Colorado School of Mines, USA

The aluminum-scandium nitride material system has been the atten-
tion of significant focus for its promise of improved performance in
wireless bandpass filter devices. Limitations to the aluminum-scan-
dium nitride systems adoption include the reduction in material
stiffness, reduction in film orientation, and the cost of scandium
metal. This study investigates the addition of boron to the alloy
system as to improve each of these limitations. Boron nitride is
known as a very hard material and is hypothesized to improve the
mechanical properties. Boron is smaller in size than aluminum
and should compensate the strain induced by the larger scandium
atoms, improving the crystal quality. Boron is also cheaper to
produce, which can lower the cost to produce these films in micro
electromechanical systems. Thin film combinatorial synthesis and

characterization was used to investigate the Al, _ Sc. B N system.
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Here we present the calculated structural, piezoelectric, mechanical,
and electrical properties and the dependence on the composition
of the material, along with initial observations from experimental
synthesis.

(ICACC-S14-P051-2018) Scintillation detector properties of
undoped and Eu-doped SrI, crystals

T. Yanagida*'; M. Koshimizu’ G. Okada'; T. Kojima®; J. Osada’; N. Kawano';
N. Kawaguchi'

1. Nara Institute of Science and Technology, Japan
2. Tohoku University, Japan
3. Oxide Corp., Japan

SrI, has been known to have excellent scintillation properties char-
acterized by the high light yield and energy resolution. In this
work, undoped and Eu 3% doped SrI, crystals were synthesized by
the vertical Bridgeman method. The radioluminescence (RL) of
Eu-doped one exhibited an intense emission peak at 430 nm while
the spectral features of the undoped one were complicated. In order
to discuss the emission origin of the undoped one, the temperature
dependence of the RL was investigated from 10 to 300 K. In addi-
tion, by using several gamma-ray sources, pulse height spectra were
investigated as a scintillation detector property.

(ICACC-S14-P052-2018) Growth and scintillation responses of
EuAlO; crystal

T. Yanagida*'; D. Nakauchi'; G. Okada'; N. Kawano'; N. Kawaguchi'
1. Nara Institute of Science and Technology, Japan

In this study, Eu 1% doped YAIO, (Eu:YAP), Eu,;Y,;AlO; (EYAP)
and EuAlO, (EAP) crystals were prepared by the Floating zone
method, and optical and scintillation properties of them were
studied. After the crystal growth, we conducted XRD analysis,
and confirmed that any impurity phases were included. When
we observe photoluminescence (PL) and radioluminescence (RL)
spectra, some emission bands due to the perovskite host, divalent
and trivalent Eu ions were observed. The PL and scintillation decay
time profiles consisted of several exponential decay components.
The fast (ns) component group was possibly due to host emission,
and especially Eu:YAP demonstrated a very fast PL decay time of
16 ns. In addition, we investigated thermally simulated lumines-
cence properties of them, and Eu:YAP showed the most intense TSL
response with a major glow peak at highest temperature at 257 °C,
and the dose response functions showed a good linearity (R*>0.99)
over the range 0.1 mGy to 100 mGy. ->

(ICACC-S14-P053-2018) Synthesis of Transition Metal Doped
Alumina and Dopant Impact on Phase Transformation

A. L. Fry*}; N. Ku’; C. A. Moorehead’; V. L. Blair'; R. E. Brennan'

1. U.S. Army Research Laboratory, USA
2. U.S. Army Research Laboratory, ORISE, USA
3. University of Washington, USA

While extensive research has focused on property characteriza-
tion and manipulation of alumina (Al,O;), the Army Research
Laboratory has pioneered work on achieving alignment of rare
earth doped alumina (RE: AL,O,) under varying applied magnetic
fields. As a next step, research has shifted to synthesis and charac-
terization of transition metal doped alumina (TM: AlL,O;) in order
to obtain similar responses at a lower cost. TM: AL,O, powders were
synthesized using a precipitation process, followed by calcination
and characterization. Calcination experiments were conducted
to develop time-temperature-transition (TTT) diagrams for the
synthesized materials to investigate dopant impact on phase tran-
sition parameters, magnetization, and powder morphology. While
the transformation temperature of theta to alpha alumina changed
significantly when a larger cation was placed within the lattice, it
was hypothesized that the addition of a dopant with a similar size to
aluminum would result in a less drastic shift in temperature.

*Denotes Presenter



Abstracts

(ICACC-S14-P054-2018) The role of microstructure in dichroic
properties of the Lycurgus cup glass

A. Drozdov*'; M. Andreev’

1. Lomonosov Moscow State University, Chemistry, Russian Federation

Lycurgus cup (LC) is is a roman diatreta cut from a blank of typical
NCS glass. The glass is dichroic, appearing green in reflected
daylight and red in transmitted light. The dicroism of the LC glass
is usually derived from the presence of mixed Ag-Au nanoparticles
(AuAgNPs). To study the optical properties of LC the glass was
prepared starting from the batch calculated using the data published.
The glass was molten at 1500°C, poured and quenched with further
annealing. The material obtained is a transparent green glass without
visible dichroism and phase separation. The colour is caused by the
Fe(+2) and Fe(+3) ions in its composition (total Fe 1,14%, ICP MS).
During striking the glass becomes dichroic and semiopaque due to
the secondary phase separation. The resulted multiphase structure
consists of discrete inclusions of glass 1 in a continuous silicate
matrix of glass 2. The heat-treatment results in devitrification of a
glass 1 that crystallizes giving a-quartz and o-cristobalite microcrys-
tals (confirmed XRD) that strengthen the material. Although iron
ions don’t enter the crystal phases, they from an important role in
phase separation. This fact proves the importance of iron as a glass
micro component. The red colour of LC glass in transmitted light
is due to the light absorption of AuAgNPs while the green colour
in reflected light is caused by scattering on glass 2 droplets and
microcrystals.

(ICACC-S14-P055-2018) Development of Yttria Nanopowders
for the Photoluminescence Applications as PTC material

S. Kumar*'; U. Batra'; J. Sharma'

1. PEC University of Technology, Materials & Metallurgical Engineering,
India

Light scattering due to birefringence has prevented the use of
polycrystalline ceramics with anisotropic optical properties in
applications such as laser gain media. However, continued techno-
logical advancements in ceramic processing technology have made
it possible to tailor the microstructural, mechanical and optical
properties of different transparent medias. More recently, interest
has focused on the development of high optical polycrystalline
transparent ceramics (PTC) materials. The PTC are being produced
through wet chemical synthesis routes as well as solid state routes.
The wet route processes are capable to counter the challenges of
purity and chemical stability requirements to achieve high-purity
final products. The present work deals with the preparation of Yttria
(Y,0,) nano-powders by using Ammonium Hydrogen Carbonate
(AHCQ) as a precipitant. The powder characterization of Y,0, nano-
powders were examined by using various techniques such as TGA/
DSC, XRD, FESEM, EDX, and TEM. It is found that the final phases
of the precursors and morphologies were evidently influenced by
the molar ratio of (AHC)/(Y?"). An important theme of the work
that Y,0, nanopowders produced exhibit morphologies either like
needles, rods or spherical. Results obtained in this work theme can
contribute to the controllable synthesis of Y,0, nano-powders for
advanced transparent ceramics applications.

(ICACC-S15-P056-2018) Polymer-derived ceramic/graphene
oxide 3D structures

J. Moyano-Subires*'; M. I. Osendi'; P. Miranzo'; M. Belmonte'
1. Institute of Ceramics and Glass, CSIC, Ceramics, Spain

3D printing methods allow the development of complex computer-
designed geometries by sequential addition of material. These
methods are attractive for building tridimensional stable structures
of basically 2D materials, in particular graphene-based structures.
Starting from graphene oxide sheets self-supported spanned struc-
tures were constructed by a computer controlled filament deposition
method. GO water based inks (about 5 wt. % solids content) with
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a shear thinning rheology provided by the addition of polyelectro-
lytes were employed. These 3D GO structures are used as a platform
for making hybrid composites by infiltrating with a preceramic
polymer. After several heat treatment steps structured GO /ceramic
composites were achieved. These composites are electrically conduc-
tive and, in addition, the ceramic hybridization allows increasing the
mechanical resistance up to a 750% with respect to the initial GO
structure and the thermal stability up to 1000°C, thus obtaining
structures highly conductive and stable at very high temperatures.

(ICACC-S817-P057-2018) Melting gel for encapsulation
applications towards high UV and thermal-stable with low
processing temperature

J. Wang*'
1. NSYSU, Taiwan

The melting gels are mainly based upon a mixture of
low-molecular weight of methyltriethoxysilane(MTES) and dimeth-
yldiethoxysilane(DMDES). A very unique rheology property of the
MTES-DMDES gel is rigid at room temperature, flow at tempera-
tures above 110°C, but can become rigid at temperatures above
110°C after processing at temperatures higher than the consoli-
dation temperature about 160°C. As an example, encapsulation
application of the melting gel in UV-LED is studied. The prelimi-
nary results are described below. For silicone, thermal degradation
started at approximately 200°C, and the transmittance was 85.5%
at 365nm. The transmittance decreased by 55% after thermal aging
at 250°C for 72 h, and it decreased further by 2.5%, even at room
temperature, under continuous exposure to UV light at 365 nm for
72h. By contrast, for the MTES-DMDES-gel, thermal degradation
started at approximately 300°C, and the transmittance was 90% at
365 nm. The transmittance decreased negligibly after thermal aging
at 250°C for 72 h and it did not decrease further even at 75°C under
continuous exposure to UV light at 365 nm for 72 h. Hence, the
MTES-DMDES gel clearly reveals a better encapsulation material.
Furthermore, the latest result of exploiting MTES-DMDES-based
melting gel composition effect on higher UV and thermal-stable
with lower processi