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Research and development of autonomous power supply
using small temperature difference
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Pb-free perovskite solar cells

Md. Emrul Kayesh

Perovskite Solar Cell / Photovoltaic Materials Group
emrulmseru@gmail.com

Islam Ashraful
Perovskite Solar Cell / Photovoltaic Materials Group
ISLAM.Ashraful@nims.go.jp

® Sn- based perovskite solar cells (PSCs) have attracted tremendous attention as an alternative to toxic Pb-
halide perovskite due to their non-toxic nature.

Background

® However, due to facial tendency of rapid oxidation and inability to form pinhole free films, Sn-based PSCs
suffer from poor photovoltaic performance.

® To prevent the oxidation from Sn2* to Sn** for maintaining favorable optoelectronic properties of Sn-based
perovskite films.

m ® To from pin-holes free, uniform and stable Sn-based perovskite films for efficient devices.

® To bring Pb-free perovskite solar cells (PSCs) from laboratory to the commercial applications.
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Advanced Research Topics

Enhanced cell performance with reducing coadditive (N,H;CI)

+ Reducing ability of N,H;CI
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Summary Research outcome

® Reduced the Sn** content from 55% to 34%.

® Improved optoelectronic properties of Sn-based
perovskite films.

® Enhanced Sn-based PSCs device performance and
stability.

® Reveal a way to retard the Sn2* oxidation of Sn-
perovskite films.

® Low cost and high performance Pb-free PSCs.

® One step forward for eco-friendly Sn-based PSCs
applications.
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Characterization for new an Fe-based
thermoelectric generation unit
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Perovskite/silicon 2-terminal tandem solar cells
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Thermoelectric property of Bi-Te films
by combinatorial sputtering method
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High-capacity silicon-based anodes
for all-solid-state lithium batteries
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New electrode materials for Li-ion battery:

K metallic conductive coordination frameworks
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Rooted catalysts toward the efficient natural
gas/hydrogen gas conversions
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Vinylon composite polymer for PEMFCs and
water electrolysis
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Developing 2D nanomaterials toward the

i high-performance battery and capacitor
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Immunostimulatory polymers
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Sprayable wound healing particles
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Development of calcium phosphate coatings
for biodegradable Mg alloys
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Molecular interaction between blood plasma
proteins and water soluble silicon quantum
dot micelles

Shanmugavel Chinnathambi
= Biomaterials / International Center for Young Scientists (ICYS)
‘ﬂ CHINNATHAMBI.Shanmugavel@nims.go.jp

® When designed for drug delivery and imaging, nanoparticle administration likely requires intravenous injections.
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® |t has been established that upon contact with blood the particle surface is rapidly covered by selected blood

Background plasma proteins, as well as other biomolecules, which form a so called “protein corona”.

® The silicon nanoparticle surface can induce conformational changes in adsorbed protein molecules.

&
i® ® Production of water soluble silicon quantum dots with higher quantum efficiency.
§

® Characterization of the quantum dot micelles by fluorescence steady/excited state spectroscopy.

® Detailed study about the blood plasma proteins interaction with silicon quantum dot micelles.

Advanced Research Topics

Schematic illustration of the synthesis of ncSi-QD/F127 TEM images of quantum dot micelles Fluorescence under UV
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S~ Pluoronic F127

Q 1-decence functionalized silicon quantum dot gives 48% quantum yield in chloroform
the surface modification with pluoronic F127 reduces quantum yield up to 25% in water.

Q The sizes of the quantum dot micelle below 100 nm

It will emit light near infra red upon UV light excitation

Q Emission of the red color under UV light excitation.

Q Confocal images also support emission comes from

Fluorescence quenching of Plasma proteins

Albumin Fibrinogen
—

Globulin Transferrin

. e o

Q Fluorescence emission of Human serum albumin, Fibrinogen

Globulin, Transferrin in the absence and presence SiQDs/F127 micelles.

Human blood plasma protein
Vs
SiQDs micelles

Fibrinogen 7%
g

Globulin 38%
S TR

SI"_

Transferrin < 1%

'-'ll.'l"‘:';a-u

.
3
O Schematic illustration of major blood plasma

proteins interaction with quantum dot micelles.

micelles

Fluorescence lifetime of plasma proteins

Globulin

Q Fluorescence lifetime profile of Human serum albumin, Fibrinogen

Globulin, Transferrin in the absence and presence SiQDs/F127 micelles.

Summary

We demonstrated a facile method to produce water
dispersible Si-QDs.

Self assemble/ enabled by the amphiphilic polymer of F127
0

is employed to encapsulate hydrosilylated Si-QDs in

micelles

We found that the interaction was stabilized via hydrogen
bonding, electro static forces and hydrophobic interaction.

Research outcome

® We prepared Nano crystalline silicon quantum dots with
_surfa(i:e modified with pluoronic F127 with 25% quantum yield
in water.

® Well interacted with human blood plasma proteins such as
Albumin, Globulin, Fibrinogen and Transferrin.

® Fluorescence quenching and spectral peak shift indicates the
strong interaction happened between proteins and micelles.
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Shape memory polymers:
Game changer for future biotechnology
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Moisture Sensor to distinguish between wet and moist
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Ultra-high sensitive magnetic sensors
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High-sensitivity magnetic sensor and its application for
nondestructive evaluation

fi] HEE (Dongfeng He)
Research Center for Structural Materials / Bonding and Manufacturing Field / Integrated Smart Materials Group
He.dongfeng@nims.go.jp

® High sensitive magnetic sensors, such as SQUID, AMR, M| have applications in many fields: NDE,
biosensor, geophysics, communication, automobile, aerospace.

Batkgm“nd ® For the nondestructive evaluation, high sensitive magnetic sensor is needed to detect small defect.
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® Electromagnetic nondestructive evaluation is an effective method for safety evaluation of infrastructure.

® Improving the sensitivity of magnetic sensors.

m ® Developing application systems of magnetic sensors.

AUt I

7

® Corrosion evaluation of steel rebar in concrete.

Advanced Research Topics

MI sensor Steel rebar evaluation

Magneto impedance sensor
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Scanning result
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Exsinarion

Uomgnilir

Eddy current NDE and the scanned result. Field experiments

Summary Research outcome

® High sensitive Ml magnetic sensor were developed.

) . . ® Commercializing the high sensitive magnetic sensor.
® Using the sensor, high sensitive eddy-current NDE

systems was developed. ® Commercializing the electromagnetic NDE system for

the evaluation of steel rebar.
® Electromagnetic method was developed to evaluate the

corrosion of steel rebar.
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Quantitative estimation of specific information
on a smell by the combination of MSS olfactory sensor

and machine learning ?Z
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Nanoscale characterization methods and instruments for
developing inorganic/organic/biological nanomaterials
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Specimen holder system for in-situ observation of catalysts
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Characterization of actual devices using cross-
sectional scanning probe microscopy
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Development of operando microscope for
hydrogen mapping
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Transmission neutron imaging of structural
and magnetic materials
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Quantitative evaluation of fast phenomena in

wire + arc additive manufacturing process 2{
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Introduction of small ball rebound tester
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A simple testing method for mechanical properties
evaluation under high-pressure hydrogen gas
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Reliability evaluation system of fiber reinforced
thermoplastic composite rods/ropes
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Carbon fiber/Glass fiber rod (CABKOMA™)
» CF: Polyacrylonitrile (PAN)-based T700 (Toray Industries, Inc.)
» GF: E-class Glass (Nippon Electric Glass Co., Ltd.) eGF
» Thermoplastic resin (Nagase ChemteX Corporation) Core-shell »
- Difunctional epoxy + Compound structure 829 5cm oW = Ikal
CABKOMA™ il Impregnation pror‘e_s_ﬂ‘ ." 4$. ‘ ji
- Ly =
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Mechanical properties / Tension leg platform
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24K1P 24,000 1.76 1,422 2.18

24K2p 2,000 L7 87 LS00 &k ‘ CF/GF strand rod >> Metal
24K3P 72,000 1.70 91 1,837 2.08

Specific rigidity, Specific strength

The patent publication Failure point ;

No.2017-020217 e 5
' CFRP (D, Epooy]
Epoxy adhesive :
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/Glass fiber fabric Test specimen : o

“Wet-preg process”
Grip technique for fixing devices
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Volume fraction (VF) 01
02
CF GF Matrix Void B b ‘
24KIP 246 398 255 102 T e P urre
24K2P 383 296 245 75 Humber af cycis to IE-Iu-‘: N-
2aep | A2 | A | A 73 Fatigue properties Fracture mechanism
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Investigating fatigue fracture phenomena
-Automatic in-situ fatigue observation-
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Understanding the relationship between
microstructure and mechanical properties of Ti-6Al-4V

n; by selective laser melting
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Investigation of the mechanical performance
of 3-D laser printed auxetic lattice structures

® Auxetic (negative Poisson’s ratio) lattice structures exhibit good energy absorption characteristics during

dynamic (impact) loading
Background

and automotive applications

® This makes them attractive candidates for crash protection components in a variety of potential aerospace

® To fabricate three-dimensional auxetic lattice structures from metallic powders via 3-D laser printing; a very
difficult and impractical undertaking using conventional manufacturing methods.

m ® To study the quasi-static and dynamic mechanical properties of the printed lattice structures under constrained

and unconstrained conditions

® To ultimately develop analytical tools that enable the design of structures with optimal mechanical performance

Advanced Research Topics

Auxetic materials and structures exhibit a negative Poisson’s
ratio and hence expand laterally when loaded in tension, as
shown in the schematic below.

The mechanical response of the printed structures under dynamic
(impact) loading was evaluated using a drop weight rig coupled
with a high-speed camera.

o [RAY] TS
-.'-"-

2

Three-dimensional auxetic lattice structures (below left) have been
successfully fabricated from Ti-6Al-4V and stainless steel powders via
3-D laser printing (below right).

Force-time plots show a
double peak for all testing
conditions. Further research is
needed to explain this
phenomenon.

The printed structures exhibit
marked elasticity and robust
mechanical behavior during
dynamic loading. The structure
survived multiple impacts by a
300 g impactor.

Simulations show the magnitude of
displacements during impact loading.

Planned future work is to
examine the effects of adding
constraint to the lattice. This is to
simulate the effects of the
surrounding structural
components to which the lattice
would be attached in service.

= - ".

Research was performed in collaboration with Marc Thielen, Plant Biomechanics Group, University of Freiburg, Germany

Summary

® Three-dimensional auxetic lattice structures can be
fabricated successfully from both Ti-

steel powders via 3-D laser printing

Research outcome

® The comprehensive understanding of the mechanical
properties of 3-D auxetic lattice structures fabricated
from different materials and optimized for maximum
mechanical performance.

B6Al-4V and stainless

® The structures exhibit robust mechanical behavior and

good energy-absorbing characteristics under dynamic

(impact) loading

® Improved safety (impact resistance/crash protection) in a
variety of aerospace and automotive applications.
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Development of corrosion model based on machine
learning of corrosion data and weather data
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Environment-friendly coating process
of structural color
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Study on corrosion process of
commercial reinforcing steel in mortar

g{‘\’ using hyperbaric-oxygen accelerated corrosion test
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New challenge for high-temperatrue materials
-Development of self-healing ceramics-
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Development of high-temperature functional
Ti alloys
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First principles molecular dynamics
study for oxidation on Ti surface

at high temperature

i
— e Z
” Somesh Kumar Bhattacharya® and Ryoji Sahara* ¥4
Computational Structural Materials Design Group, Design and Producing Field, Research Center for Structural Materials |
| [t Somesh.Kgmar@nims.go.jp & ¥ SAHARA .Ryoji@nims.go.jp ] 1‘2
Takayuki Narushima and Kyosuke Ueda (Tohoku University) j
3
* Oxidation can enhance at high temperature. J
Batkgrnund * Formation of the oxide layer degrades the mechanical properties.
* For Ti and its alloys, it is particularly significant.
* Oxidation leads to spallation in the thin sections of the jet engine.
I
m » Effective methods to enhance the oxidation resistance of Ti alloys. =
=
* Understand the oxidation of the surfaces of the Ti and Ti alloys. %E:'}
[\
2
Advanced Research Topics Iﬁ
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Summary Research outcome

* Oxidation of Ti surface observed as evident from the Ti,O or
TiO like structure formed on the slab. ¢ Oxidation resistance of Ti surface improved by addition of Si.

* Oxygen penetrates faster in clean surface while it is slower in
presence of Si atoms.

* Reduction is oxygen penetration into the slab in presence of Si
atoms is a direct evidence of the enhancement of oxidation
resistance.

¢ Effective design of surface alloy to enhance oxidation
resistance at higher temperatures.
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A new understanding of complex
carbides formation in creep
resistant chromium steels

M. Souissi', M. H. F. Sluiter?, T. Matsunaga'3, M. Tabuchi’, M. J. Mills® and R. Sahara'

" Research Center for structural materials, National Institute for Materials Science (NIMS), Japan.

2 Department of Materials Science and Engineering, Delft University of Technology, The Netherlands.
3 Department of Materials Science, The Ohio State University, USA.

* TEL. +81-29-851-3354 (+ext. 6256), FAX. +81-29-859-2588, E-mail: SOUISSI.Maaouia@nims.

i
A
1
t
\y
Y
3
J

® y-M,;Cq carbides are widely used in creep resistant steels, and their thermodynamic stability is an important factor in

retaining high strength at elevated temperatures.
Background g nigh steng P

® Although these carbides have been known for almost a century, the mechanism that stabilizes the highly regular but
complex structure had not been resolved.

___| In this work, ab initio calculations combined with statistical thermodynamics approaches, such as cluster variation
= method (CVM) within the tetrahedron approximation and the Debye free energy calculations, were used to study the
lE mechanism by considering the effect of the mixed partial occupation of inequivalent metallic sites on the y-
Jm Cr,3_,Fe,Cq (x = 0-3) carbide phase stability as function of the temperature and composition.

1 Advanced Research Topics

Py — 0 STEM atomic observation

4 Gibbs free energy and site occupation parameter

_gk 0, +kUT>{3ln(lfe’ﬂ“T)7Dj{

Debye PR

i 4a
Zone [123] Zone [123] ----@ 8c

G(T)=H+G,, (T) G
AGHT[Cr, Fe €,]=GiTNCr, Fe l'.'l_—-“'_T
(@) '! [Foi]

Bl

k.

GG, ]+ ﬁ‘-'" IFe,C,]]

‘I Convex Hull

Site fraction of Fe

s £ [ ) With including vibrational
(a) The y-Cr,,Cq supercell with four inequivalent metal sites, namely, the 4a, effects at T = 1200 K, it is seen
8c, 32f, and 48h sites, according to Wyckoff notation. The C atoms are that the formation free energy of
Ioc:ted at theI (284? sites. (b) The carbide NaCl super-ion cluster morphology configurations  with partial site
and interstitial (8c) atomic arrangement. - .

Q Stable nanoclusters V\?ith large HOMO-LUMO gap occupation sink below the convex
o= hull formed by the full occupation

structures (a).

I C/\ Including partial occupancy structures in the cluster expansion
gives significant changes in the site occupation and a systematic
improvement of computed site occupancies with experimental
results (b).

Publication

® M. Souissi, M. H. F. Sluiter, T. Matsunaga, M. Tabuchi, M. J.
Mills and R. Sahara. Effect of mixed partial occupation of
metal sites on the phase stability of y-Cr,;_,Fe,Cq (x = 0-3)
carbides. Sci. Rep. 8, 7279 (2018).

l'l;._l\'l'l'\..\hl\"-‘ eVl

Mumber of excess electrons

Number of valence electrons

Summary Research outcome
. o . . . ® Computation-aided heat resistant structural materials design:
® The analysis of the electromp mteractlons_ in the mmrostructgre Our strategy could predict the phase stability of carbides with the
z?ssai‘é?ﬁg;d (Elhuasttgljgsiﬁ %aﬁ;jgls Sgi S;gz;';:fg#gﬂg:ﬂ:gm"a.}'ﬁg mixed partial occupation of metal sites, where the ab initio calculation
super-ion description not only gives an explanation for the a\i/:rf)stfﬁgteusrle :rootpeo:igs to free energies but also to non-trivial

crystal structure formation, but also gives an understanding for . : . . i )
the partial site preference of Fe or another alloying element in y- ® The aim of the work is to guide experimentalists and draw their

My;Ce. attention to consider the site occupation and vibrational effects in
developing new high temperature materials.
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Development of advanced ball bearings by ZnO
tribo-coatings and industrial applications
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Quality assurance technology of randomly oriented
long-fiber reinforced themoplastic composite plate
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Improvement of creep property in zirconium alloy
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Functional resins with biomass
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Table 1 Comparison of dynamic contact antibacterial activity of control and
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Caffeine adsorption material - Caffeine removal system

i
5
HEREMEM BRI A HEBEIRR 2 B MRS M HG HEREMEM BRI R HEBEIRR D 57 MRS T MHG |
{ E *{I- g,:&:\ TAMURA Kenji@nims.go.jp J {EaFﬁﬁ Tﬁ SAKUMA Hiroshi@nims.go.jp -5
: g
3
® FIAAARTHAINTzAVIE, I—E—PRLGEDEFEHDORHTHIBEMIZZEENS. J
HROER ® HIUTAUEBREERTHIEREATLEBEDRE, MZEH HES, FEGEOFEERAESIEECT.
o TEDBETRDEEYNS, BHREDHITAUEMRMNITIER T HEMEARIROHONTLNS.
o R REGYMETHAIRAMLIEMDO _REBMZFATHETHERIREICEN-REMBERITTS. —
HROELN ® NIzAVERBETIMEDIRREZERT SR T, EQOMTIMICTHTEMICRET SIDOMNRAETS. &
PN
® NITAUAHELIMDTECDYAMZ), TEDBERL, TEDHDREITREL TV DIHEHT S ﬁ
BEBHARNYIZ H
M EET gg
MNIMS-clay %
11
#
#

ELEUOFAR

h7z 4B
RN
(BREFOER) 1.6{‘&.‘[5']?: 1
Ny FRE »

o EiER, BMiEtALIVRVREREETT

® NITAVHFIEN FEEELEYOFAFRALFTIIRETD b
(#9 0.46 nm2DFAHEMH) . e

o BAETEAETYT DHNBEEN EEENTOEDHA. PILE)

BEM AL IS £ DR AT ECTTELE| smntona H5 LE B

ELEYOF A+ (BEH 05) LONTTALHTFOREME B RUE T 22
RiR#E

>*ﬁ&$|”ﬁ] AR I

¥ rf:-ﬁ-'i:ir--r-m-_-l_-';a | {/ /j

>k iEE L

&Hwaaam_

Ll i b IF

BKMED R R

RHEABLESERORER RR{EA@II R

o HHITH. EESH REHE (SRR oM E
® ERIRENHMIRT LOBE DT LIE) BEMHEEELLEETOLRORSE (REH O 1 —REH)
o LEHBOBBLMHORE L ® HIRIX—TEIRMINDETALRDIEE




NIMSI

¥R R 7= 1 Tk S IR 432 i
BEMEBEGaR SN L BEBIEEHHORE -

Special heat treatment technology for wire products

—Freezing of the high temperature non-equilibrium phase by joule heating and Ga bath cooling —
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Coercivity enhancement of Dy free Nd-Fe-B
permanent magnets
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Development of the flexible and low thermal resistance
heat current sensor using magnetic material
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Novel thermal technologies based on
magnetic and spintronic materials
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Electrochemical devices operated by a magnet
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Fast & easy semiconductor nanomaterials
fabrication techniques
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® Advantageous quantum confinement by size/shape effects:1-D and 0-D nanostructures
Batkgm““d ® |Improvement of device performances: exceed state-of-the-art planar transistors
® Cost reduction by reducing the material usage: intelligent assembly of nanostructures

Formation of new Si nanostructures: 1-D Si nanowires and 0-D Si nanocrystals
m Control of interfacial defects along the radial direction: functionalization of the nanowire structure
Development of new Si nanostructure devices: thin-film nanowire transistor on low-cost substrate

Advanced Research Topics

1. Metal-Catalyzed Electroless Etching (MCEE) Method

(@ Ag™ AY Ag’ : i - ; L

__SiO s LT Figure 1. (a) MCEE
2

A processes, (b), (c), and

(d) SEM images of Si

: 1 . ¥ | \ nanowires synthesized
Si substrate Si substrate ) A TN . . by MCEE.

RENNZ=ML - IEIJLAE-NE I

77

2. Nanoimprint and Bosch Etching Method
(a) o (b) I - 30° tilt e Figure 2. (a) Nanoimprint

processes, (b), (c), and

(d) SEM images of Si
nanowires  synthesized
- by nanoimprint.
Si substrate 0. 0 - . 000n

3. Chemical Synthesis of Nano-Crystal (nc) Si 7 o : Figure 3.
(a) M o+ . . i : '_ . - (a) Synthesis
Starting material : c "D"' °" E‘ ] Final material: - A ; A g 4 ) materials, (b), (c),
Hydrogen  s-3-8 4 1-octadecene- 4 LLL ; LI and  (d) TEM

silsesquioxane  b- ; .n\ terminated silicon

" nanoparticles R N : ; v\ images of nc-Si.

4. Vapor-Liquid-Solid (VLS) Method Figure 4. (a)

e " VLS processes,

@ SiH, siH, SiH, F gerti b PR B0 Lok ), and (c),
Metal catalyst v il 2 SEM images of
/LN -, Ligui 1 1 - Si  nanowires

ﬂ- d ! 3 ) H synthesized by
Si substrate b : ! o - VLS.

5. Al Induced Crystallization (AIC) of Polycrystalline Si I )
N, annealing = Figure 5. (a) AIC
] processes, (b) SEM
images of Al and Si layers
after AIC, and (c) Raman
spectrum of AIC poly-Si.

Applied area and future prospects Issues for technology transfer

Development of next-generation transistors Device improvement by interfacial defect reduction
Device improvement using Si nanostructures Optimization of 3D device junction formation

Both cost reduction and higher performance Multi-combined nanostructures development
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Combinatorial thin film synthesis for developments of
new thin film electronics materials
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# Printable electronics for wearable devices
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Coating method of organic semiconductor
films onto hydrophobic gate dielectrics
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Functional liquids toward electret applications

a Bl /7—FTIRZIRBRMR F/RTUTASE TOUTATHFTN—T

j‘ P [BI7E  NAKANISHLTakashi@nims.gojp

i
A
1
t
\y
Y
3
J

FR-BAFMHOERDFRTHIRMDIRLNSIZFRALEGHEY DY —-BIEMH
HADER BiIAMEE T AENFEAOAEFYERRBA T FRAMB ORGP OMREL
ALy F YT IVRFITHEIGAIRE (K ITRELALY) THY . REICHEERE T H5MBBIRK

REAOERVHIRAIHEICEY Ay ERBEL. REIC T D FEROAEFHAEZTER
HARDAEL fREtSnfzr A=y MIBREEAL. RIAIL Iy (BREF K AMICRE £
BRAMMEEIL I Y MBREERRBRA AN Y F YT I -7 ST IR FORFE

RERHARN VT2

BAEILY FLY FERF

HUE LT MEEND

FEIINASML - EIRATE N I

___ —
Eh- Bl — '
h “ -.Jnl;“ u,k .ﬁlqk...-r.m*..u
s

= :DT*H‘LL A
T T = BETLSRLYR HE - ARE

Ari—=3QHh RS (EREE)

WEEM RS FOS FREHER S [ <500 Ha
HhE M= Jhéiikﬂo Bk T 22 1. —
TILFIVEHICKYIREE - 1AL, BE/LSE. B m
B IcRR A, HEOET. H o 3 _
. T
BR300 | |
BRRERFUNT Y -ELU) K * {_’_m Ea l%%w% | ~200 he |
. Il

@ INH5—. BEREREA~RE 1|| i
@ TLohayRsR L, AEYon-off -
AR BB | RiRE
O oS S P IAETS FAKIBAHEE AL TRSNAIL IN oM EM LU R

—RT Y (CEHLAER) (L), BEURABEEEARIET 57 /F2
I—8(=Fa—RAT1YIRF)(F).

-A. Ghosh, T. Nakanishi, Chem. Commun, 53, 10344-10357 (2017). Feature Article
-T. Nakanishi et al, Chem. Asian J, 13, 770-774 (2018).
CEHE, RKFER, RAEMEE, dyiaT7EDYN “BFEE", 5FE2017-124302.

CEREME Iﬁ.ﬁ‘lEﬂfi

ERENOBR

o mHFEUMENETILFIIVEHTRE. TERMENRIKIERIK o MUKI I -IREBEMEICH TR RADRAR
o EHN-RE-—HETIHRAILI vN(EMLRER) EEIB ® RRLyFYIULRE oY TIOF1I S0
® FIA—RTAYD-FOFLI—RHFERIML o EMLRAEBRIL-VITIINERBELH




BRILFEAIE-FARGEIT /7 DORF

Development of integrated analysis software
for electrochemical impedance
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Combining DFT methods and informatics
approaches for efficient search of novel
fast ion conductors

Randy Jalem

Center for Green Research on Energy and Environmental Materials / Interface Computational Science Group
JALEM.Randy@nims.go.jp

Recently, there is a rapidly growing interest in the efficient and systematic screening of novel inorganic fast ionic
Batkg round conductors for battery application by high-throughput (HT) DFT calculations and materials informatics (MI).

Two of the major issues that have to be addressed are: (1) finding effective material descriptors for predicting
material properties and (2) the prohibitive cost of evaluating material properties by HT-DFT calculations.

To develop material descriptors for training machine models of material properties with sufficient accuracy.

To find promising inorganic materials as quickly as possible by HT-DFT and Ml techniques.

To screen for inorganic materials that are practical for battery application by checking various material property metrics.

Advanced Research Topics

General descriptor development for inorganic materials* Bayesian-Driven First-Principles Calculations for Accelerating
- Exploration of Fast lon Conductors for Battery Application**
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Figure. A general representation scheme for crystalline solids based on Voronoi-
tessellation real feature values and atomic property data (EN+VORO descriptors). Figure. Schematic workflow for the proposed Bayesian-optimization-driven DFT-
calculated migration energy (E,) search for tavorite AMXO,Z compounds.
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Figure. Test dataset grand average error (from 100 random data splitting) . . .
comparison between EN+VORO and RDF-based descriptors for DFT calculated Randy Jalem, Masanobu Nakayama, Yusuke Noda, Tam Le, Ichiro Takeuchi,
material properties: a) cohesive energy, c) density, e) band gap, and g) ioshltaka Tateyama, Hisatsugu Y_amas_akl, Schet_:h;.Adv. Mftel:.lzl018, 19, 25.’:_1-242.
decomposition energy by gradient boosting regression. Datasets are comprised Randy Jalem, Kenta Kanamori, Ichiro Takeuchi, yama, g
with 1000 Li-based oxides from Materials Project. Yamasaki, Toshiya Saito, Sci. Rep. 2018, 8, 5845.

Summary Research outcome

® The newly proposed EN+VORO descriptors was successfully ® Encoding crystalline solids using structural descriptors of
tested by predicting various material properties. binned Voronoi-tessellation real feature values and chemical

descriptors based on the electronegativity of elements.
® A Bayesian-driven DFT-based solid electrolyte screening was

realized with transfer learning for tavorite-type compounds. ® Formulation of an efficient informatics-aided HT-DFT workflow
for screening for novel solid electrolyte materials.
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Discovery of new superconductor
by using Ml and new DAC
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Determination of threshold of photoelectron yield
spectroscopy (PYS) using machine learning
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Revolutionary approach to material research:
Materials Curation®
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Imaging of characteristics by coherent x-ray diffraction
with sparse phase retrieval algorithm
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New energy materials design
with materials informatics technique
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Automatic measurement data collection system
for interoperability
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Knowledge extraction from literature data
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Materials integration (MIl) system for the

development of innovative structural materials
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Model selection of creep property description
model for steel using data scientific method
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Information gains from images of typical
metallurgical microstructures with machine
learning and/or post-processing tools
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In metallurgy field, there is a great demand to automate the image processing/analysis on huge data volumes
Batkﬂ round Reported image segmentations were not at levels of industrial analytical standards for microstructural phase analysis

This analysis is greatly important for understanding/predicting of mechanical properties of the metallurgical materials

Develop the application of several image segmentation methods, which are suitable for above challenges
Test the applicability of Random Forest algorithm of machine learning as a possible core tool for such image analysis

The automated metal phase segmentation quality must be in pair or better with manual analysis by experts

Advanced Research Topics
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1.RF  algorithm: ensemble-type supervised

learning, most accurate, strong, unbiased, and

stable. The trained RF classifier can be used on
: any number of other images with same classes.

2 i 2. In combination with Structure Tensor, Euclidian
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Applied area and future prospects Issues for technology transfer

® Any metallurgical research/analytical laboratory ® Classifier robustness to image scale, contrast, and quality
@® Built-in software module in industrial microscopes ® Supervised learning nature needs smart addressing or revision

® Testing other possible machine learning tools and protocols ® Coding for faster processing with addressing of above issues
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Ultralow thermal conductivity thin film
with high interfacial thermal resistance
design by machine learning

Yibin Xu, Yen-Ju Wu, Michiko Sasaki, Lie Fang, Masahiro Goto

i L ‘ :.. MaDIS, Center for Materials Research by Information Integration

Thermal Management and Thermoelectric Materials Group XU.Yibin@nims.go.jp
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Ultralow thermal conductivity materials are strongly required by industrial applications of high-efficient-engine coatings,
thermal insulating materials and thermoelectric devices.

Batkgmund Thermal conductivity of nanostructured materials can be greatly decreased by interfacial thermal resistance (ITR), as
phonon propagation at an interface is hindered.
The physical models for ITR prediction, AMM and DMM, has low accuracy of 60% between prediction and
experimental values, because ITR prediction is a high-dimensional mathematical problem.

A more accurate model to predict ITR by machine learning based on experimental data, which taking into account of
the physical, chemical and materials factors that may affect ITR.

m Exploration of potential material systems that may have high ITR.

Inorganic thin films with thermal conductivity lower than 0.2 Wm'K-', realized by composition design and
nanostructure optimization.

Advanced Research Topics

Interface Design and Material Synthesis Workflow
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Data Science + Labcll;atcry bulllt
Combinatorial sputtering system
descitors. [REN T e puttering sy

P or QR cescriptors [ SRR | -
* Temperature * Stoichiometric Ratio « Film thickness
* Heat capacity * AC: atomic coordinate « Interlayer Eb -
+ Melting point * EN: electronegativity = Interlayer ITR m_aCh'“e
*  Density « IP:ionic potential mass learning model as o
+ Volume/fu. * Eb:Bindingenergy . - = T L

+ Mass | 1§ ACS Appl. Nano Mater, DOI: 10.1021/acsanm.8b00575

R IIE prediction M. Goto et al, Applied Surface TEM images (dark fieldt and bright field )

i 3 RMSE: 11.9 x 10-2 m2KW-! Science 2017, 407, 405 | | in
. " Carefully control the nano-scale deposition
Interface selection
Bi/Si Ex. 3025 kinds of interfaces - o :
10 samples/week =
202.5 weeks (4.2 year) (2217375 min) : .
=> Finish in 1 min => 2.2 x 106 times faster -

High surface area/volume(S/V) ratio
(small spherical Bi particles) High Si/Bi atomic ratio Low-k Nanostructuring comparison
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® The cross-plane thermal conductivity decreases
with decreasing particle size, and the lowest
thermal conductivity of 0.16 Wm'K' s
observed for sample 5. In the case where the
particle size increases to greater than 10 nm
(sample  6), the thermal conductivity
substantially increases to 0.44 Wm-'K-".

Summary Research outcome

The combination of a machine learning prediction model and
a combinatorically structure optimization method enables the
discovery and realization of an electrically conductive,
thermally insulating Bi/Si nanocomposite with thermal

conductivity as low as 0.16 Wm™K-". ® Application of the Bi/Si nanocomposite as thermal insulating

The exploration of material systems for thermal coating and thermoelectric material is under investigation.
management can be greatly accelerated through machine

learning with higher accuracy of 93%.

® The intrinsic thermal conductivity of Bi @ The Bi/Si thin films in this work have the
and a-Si are 8 and 0.93 Wm'K', lowest thermal conductivity reported for
respectively. Thus, BiSi nanocomposites an inorganic nanocomposite to date.
with a higher Si At% tend to exhibit a
lower thermal conductivity.

® The materials informatics methods used in this work are also
valid to explore and develop other new structural and
functional materials.
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Introduction of NIMS space use materials strength data sheet
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Study on fatigue strength (NIMS fatigue data sheet)
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