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HEHEF O ENRELLD. LE ChoDa—T 1 VJICETIHRALERERL S& KHEO
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RBETRHAFT U CEROFREBEBRTICET 2ELOH|RICOVTIERS. BEEOHARDR
RIFDLIZTEII vV ADOER, HER KER HREBEMITTHL. TORIEFIFLES
Sy ADRERBERNT, BICHETOREREYMEOMRZTL, RETHERBEICE I =4
TUCERDFERETH>TWND. EREET —FIRX—XICSDIZEF SN T H69FFEDDion-
JacobsonfBIZEA9 %, BMEDMRFET—FIIR LT, #HERFMEIZLIRI )=V T EERET D
Z &Iz&k Y, Dion-Jacobsontl THI&H TDERIEMA A > (07) {ZE(KCSBi TiNbOo DFER L1=[1]. F
Tz, 300°CHHETEHILERYRADEEE & YSWEIEY A+ L 15E{ABaNb; Mo 1050 0 FE L 1=
(Fig. 1/) [2]. BaiNbs Mos 105 oslZRARB TR A A FREEEIEMTHY, 1073 KTEEZDHZAE
L= FRFEREGAI Y FOE—EICKYERTL-ERBE LT HTFHEREE2 NS, K
BHLGBRERIEEICE VD CTERFREMEBICE YERIEYM A 4 VLR 5 BN DEERM T E I
NEONf-FiglEédhR). HEDEST VI IO WEEERTETIETE2 F—EL M
ETHHN, F—EVJELICEVNTA M AZEEZRTHE T0 b AzEABaskrAlZr0is [3],
B-Ba;ScAlOs [A]1FZ#HAEL, F—RENFHAFHELFHEFEFFICLY IO EEHEELH
SMIZ LTz, IR IL B -BaScAlOsTIEKDEY AANKRENLHEEREBETRECY, BalhREFE
L7=Sc0s/\EAEZ 70O b VA EEBENIT 5 [4].

k(1] Nat. Comm., 11, 1224 (2020). [2] Nat. Comm., 12, 556 (2021). [3] J Am Chem.
Soc., 142, 11653 (2020). [4] Adv. Funct. Mater., 33, 2206777 (2023).
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Fig. 1: High oxide-ion conduction (right) and the refined structure (left) and MEM NSLD distribution
(centre) on the (001) plane of Ba;Nbs9Mo1.1020.05 at 1073 K [2].
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What we should consider to obtain fully dense ceramics

Suk-Joong L. Kang
Professor Emeritus
Dept. of Materials Science and Engineering, KAIST, Republic of Korea

Keywords: densification, (abnormal) grain growth, sintering techniques, microstructural evolution

Full densification is the primary goal of sintering for most ceramic materials and components. Full
densification of a powder compact must be achieved if the isolated pores do not contain insoluble gases
and if pore/boundary separation stemming from grain growth does not arise during sintering. Therefore,
selection of sintering atmosphere and suppression/control of grain growth are critical for achieving full
densification.

This presentation presents general directions for the full densification of powder compacts. We initially
review the effects of entrapped gases on densification. We will describe the classical theory of
microstructural evolution during sintering and its limitations. We will explain unconventional sintering
processes that can reduce the grain growth kinetics relative to the densification kinetics and the
possibility of pore/boundary separation. Pore/boundary separation (pore entrapment) is prone to occur
intensively when abnormal grain growth (AGG) takes place. Possible strategies by which to suppress
AGG and to control grin growth in general will be presented according to the mixed mechanism principle

of microstructural evolution, which we established a decade ago.'
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Stressing interfaces to change microstructures
or grow nanostructures

Klaus van Benthem
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Atomic-scale defect configurations determine the properties and functionalities of materials. The
application of stresses such as elevated temperature, modified gas phases, or externally applied electric
fields can alter interface structures and, therefore, modify microstructures and macroscopic materials
properties.

Using bicrystal experiments we have previously demonstrated that electric fields directed across
grain boundary planes can alter the atomic and electronic structures of (100) twist grain boundaries in
SrTiOs!. Electric fields directed along the interface plane alter the atomic and electronic grain boundary
structures as a function of field strength and proximity to the positive and negative electrodes. EELS
and XPS have revealed field-induced oxygen ion migration along the interface planes?. Electric fields
directed along a 24° tilt grain boundary in SrTiO3 also show a field-induced transition of the grain
boundary core structures between the two non-contacting electrodes. Results suggest anisotropic
vacancy migration.

In another project in-sitzu SEM and TEM experiments have revealed one-directional growth of single
crystalline nickel oxide nanostructures from individual Ni nanoparticles. Nanostructure growth was
driven by either the application of electric currents or at high temperature in the presence of water vapor.
The application of electrical bias to individual nanoparticles led to dielectric breakdown of native surface
oxides and subsequent unidirectional mass transport due to a combination of electromigration and
Ludwig-Soret diffusion®. In the presence of water vapor high-aspect ratio growth of NiO from metal
particles was favored on select surfaces with sufficiently high total surface energies®. In-situ high
resolution TEM was used to directly observe layer-by-layer growth at the buried NiO/Ni interface.
Individual layers of NiO were observed to grow by disconnection migration along the oxide/metal
interface plane. At interfacial steps oxidation of Ni is governed by oxygen vacancy migration along the
interface plane. The junction between the oxide/metal interface and the gas phase serves as nucleation
site. The results demonstrate terrace-ledge-kink crystal growth for reactive crystal growth processes at
internal heterophase interfaces.

The presented results were enabled by financial support from the US National Science Foundation
under award DMR-1836571.
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Local to Meso-scale Order in Non-Linear
Dielectrics Characterized by Scanning
Transmission Electron Microscopy

Elizabeth C. Dickey
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The ability to design the composition and microstructure of electronic ceramics for
emerging technological applications requires sophisticated characterization techniques
that can provide quantitative information about local structure and chemistry at the atomic
scale. Such structure quantification is particularly important to the fundamental
understanding of properties in many important non-linear dielectrics, where chemical
heterogeneities associated with dopants or intrinsic lattice defects give rise to local
inhomogeneities in charge, strain and polarization. Such local deviations from the
global average structure and symmetry are often linked to enhancements in macroscopic
dielectric and electromechanical properties. This seminar discusses the use of scanning
transmission electron microscopy (STEM) to quantify short- and medium-range lattice
disorder in electronic ceramics, focusing on new CMOS-compatible ferroelectrics (e.g.
based on HfO,, AIN and ZnO). The ability to quantify local structure on a sublattice

basis and in real space provides unique insight into the polarization of these materials.
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