RF sputtered NiO

as hole transport
layer of CH3NH3P[5)I3 perovskite solar cells
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Perovskite(PVK) solar cells

Device structure of inverted CH;NH;PbI; perovskite (PVK) solar cells
NiOx layer is prepared by sputtering method.
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Conclusion

1, The lower V¢ with increase of the power is due to the
higher shifted WF.

2,The XP peaks of O1s at 531.3 eV, assigned to Ni(OH),
decreases with increase of the power.

3, The decrease of OH groups in NiOy shifts the WF to
higher energy.

NiO has been used as hole transport layers of CH;NH,Pbl; perovskite (PVK) solar because
of its large bandgap (E,), deep valence band maximum (VBM=5.4 eV), favorable energy
level alignment with a deep-lying VBM of PVK. We have demonstrate high stability of
inverted planar PVK solar cells on the basis of the sputter-deposited NiOy. We characterize
and discuss the surface properties of NiOy prepared at various powers of the RF sputtering

Photovltaic properties

J-V curve of PVK solar cells Work function(WF) of NiOx

vs. sputtering power
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Shunt resistances (Ry,) of PVK solar cells based
are almost same at various sputtering powers .

Surface properties of NiOx

Power depedent XP spectra Scheme of the relationship between
of 0, normalized at 529.4 eV(NiO) Voc and shift of WF
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(2) Islam et. al, ACS Omega 2, 2291(2017).(3) Jpn. J. Appl. Phys. 57, 08RE06(2018).

Future Plan

Detail characterization of NiOx layer after RF supttering
® Understanding in higher power sputtering of NiO,

® Checking other factors such as defect sites, mobility
and so on.

® Surface treatment or modification of the NiOy
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Li concentration change around the

electrode/glass electrolyte interface

‘ Key Words: All-Solid-State Battery, Interface ‘

Details on electrode-solid electrolyte interface must be clarified well to improve the rate
capability of all-solid-state rechargeable lithium batteries. We have investigated voltage
dependencies of Li" concentration around the electrode/Li* conductive glass electrolytes
interface using elastic recoil detection (ERD).

Introduction

Cyclic voltammetry (CV) and AC impedance spectroscopy (EIS) were carried out to
investigate the interfacial resistances between electrodes and solid electrolytes. Also, ERD
was carried out to evaluate the lithium concentration change around the interface against the
base voltage (0 V).

Charge transfer resistance (Ry) Li concentration change
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Both the CV and EIS results of thin film batteries show that interfacial
resistance between LNM-Cr and LPO is much smaller than that between The Li* concentration of LPO is not observed in the ERD measurements while clear
LNM-Cr and LiPON. Li* concentration change of LIPON is detected with increasing the applied voltage.
The CV curves of the Li/LPO/LNM-Cr thin film battery showed sharp peaks although that of the The accurate Li* concentration change is still unclear due to the presence of hydrogen. Then
Li/LIPON/LNM-Cr thin film battery provided broad ones. EIS data indicates that interfacial we are planning to remove hydrogen from the samples to understand the relationship between
resistance between LNM-Cr and LPO is much smaller than that between LNM-Cr and LiPON. the interfacial resistance and the Li* concentration more deeply.

Such small interfacial resistance may be explained by the difference of Li* concentration at the
interface between electrode and electrolyte. The ERD analysis indicates that the Li*
concentration of LPO does not change deeply inside the solid electrolyte while that of LIPON
changes with increasing the applied voltage.
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Study on carrier separation in perovskite solar cells
by operando profiling of electrical potential distribution

‘ Key Words: Kelvin probe force microscopy, Perovskite solar cell ’

Perovskite solar cells (PSCs) are the most promising next generation photovoltaic technology,
whose energy conversion efficiency has increased rapidly in a few years. However, in
IGLaelelitesle)sP contrast to the rapid increase in efficiency, the fundamental understanding of the device
working principles has hardly progressed. It is therefore important to clarify the details of
photovoltaic conversion processes for a deeper understanding of the energy loss mechanism.

Here we present a study of carrier separation processes in the PSCs by operando profiling of
electrical potential distribution using Kelvin probe force microscopy (KPFM). We found that
the position of the carrier separation in the PSCs depended on the device structures and the
composition of the perovskite films. Our experimental findings suggested that controlling
electrical potential distribution in PSCs was important in achieving high efficiency cells.

Results & Discussion

KPFM measurements on cross-sectional surface Dependence of potential distribution on the composition of perovskite film
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Conclusion
® We succeeded in visualizing the change of potential ® We found that the position of p-n junction (the position
distribution in the PSCs induced by light irradiation using where carrier separation occurs) strongly depended on the
operando KPFM measurements. device structure and the composition of perovskite films.
® From the information of the potential distribution obtained, ® Our results suggested that controlling the position of p-n
we considered the carrier separation process and the junction through the device structure and/or composition of
position of p-n junction in the PSCs. perovskite film is the key to improving device performance.
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Incorporation of Multinuclear Metal Active Sites
into Nitrogen-doped Graphene for

Electrochemical Reactions

‘ Key Words: Oxygen reduction reaction; Electrocatalyst; Polymer electrolyte fuel cells

Introduction

Metalloenzymes show high catalytic activity and
utilize multinuclear metal active sites as catalytic
reaction centers. The incorporation of
multinuclear metal centers in conductive
materials such as carbon would produce highly
active non-platinum-group-metal electrocatalysts.
However, there is a lack of synthetic strategies on
such electrocatalysts.

Cu/N/C electrocatalysts
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Multinuclear Cu' cores work as active sites for the ORR.
Kato et al., ACS Appl. Energy Mater., 1, 2358-2364 (2018).

Theme under Discussion

Multinuclear metal active sites, inspired by active
sites of metalloenzymes, were incorporated into
nitrogen-doped graphene for the electrochemical
oxygen reduction reaction (ORR) in pyrolysis. The
pyrolytic synthesis also provided Co/N/C
electrocatalysts, which shows catalytic activity for the
ORR and the electrochemical oxidation of lignin
model compounds.
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Discharge/charge cycling of Lithium-Air Batteryg

cells with ultra-high capacity CNT cathode

‘ Key Words: Lithium-Air Battery, air electrode, carbon nanotube

Rechargeable battery plays a crucial roles in the popularization of electric vehicles and
renewable energy. Current lithium-ion battery (LiB) technologies are getting their
Jlstageletitastels® theoretical limits, thus alternative technologies need to be developed. Lithium-air battery
(LAB) is one of the promising candidates of the post lithium-ion in terms of much higher
energy density (10 times or more than LiB) that could be produced with competitive cost.

LAB is expected to develop a cell with huge capacity, but the present LAB cells exhibit less
Theme cell capacity than theoretically expected (typically <10 mAh/cm?). Thanks to the flexible but
under tough bundle structure of carbon nanotube (CNT), the sheet as air electrode develops ultra-
high cell capacity of 30 mAh/cm? or more. LAB secondary battery with high energy density
(>500 Wh/kg target) is under development using the CNT sheet cathode.

CNT sheet air electrode in LAB cell
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Conclusion Future Plan

® CNT sheet air electrode develops LAB cells with ultra- ® Understanding the degradation process of CNT cathode
high cell capacity of 30 mAh/cm? or more, which is 15 and Li anode during discharge/charge cycling.
times higher than current lithium-ion technologies. ® Fabrication of highly porous, lightweight, thin bundle CNT

® LAB cell with the CNT sheet cathode at present sheet for the development of huge energy density battery.
develops 170Wh/kg battery that can discharge/charge ® Establishing air purification system to allow atmospheric
about 10. battery operation of the LAB cells.

Lithium-Air Battery Specially Promoted Research Group, GREEN Akihiro Nomura
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Electrode potential and charge transfer reaction using ESM-RISM calculations

Jun Haruyama Institute for Solid State Physics (ISSP), The University of Tokyo haruyama@issp.u-tokyo.ac.jp @ ( ’
— Introduction

| 1 Hy(gas) + H,0(S) <> HyO*(S) + ¢ (M) : Standard Hydrogen Electrode (SHE) | [Li,,csm (electrode) & Li, ,Cy, (electrode) + Li* (solvated)]
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— Methods — ESM-RISM calculation ak

*DFT calculations combined with the effective screening medium (

)* technique + the reference interaction site model® (RISM) -> ESM-RISM calculation®

. Electrode (+reacted ion) -> Quantum mechanics (QM) Grand canonical system ., N, : Chemical potential, number of electron
*QM/MM like approach ) . -
Electrolyte solution -> Implicit solvation (RISM) Q=A- uN,: Grand potential A = Eppr + Adgigy : (Helmholtz) free energy

* The interaction between DFT and RISM is represented as electrostatic potential (v.,) and RISM classical force field (FF) potential (vy,,). Viot(T) = Ve (1) + Vg, (T)

* ESM-RISM is Implemented in Quantum-Espresso package.”
) .
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— Results
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Highly Sulfonated Polyphenylsulfone Polymer for PEMFCs
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Introduction

Current situation of PEM fuel cells and hydrogen infra-market Research Topic: Super polymer development
Crosslinked SPPSU
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@ Water soluble = diversity (water, alcohol, etc.)
@ Crosslinking (annealing) = water insoluble

w0 ams w0 w0 @ High mechanical & chemical stability

@ High conductivity

Hydrogen infra-market

Experimental
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Results & Discussion

TGA, dynamic elastic modulus, tan 8, stress-strain, conductivity, I-V, and durability properties of crosslinked SPPSU membranes
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[1]J.D. Kim, L.-J. Ghil, “Annealing effect of highly sulfonated polyphenylsulfone polymer Int. J. Hydrogen Energy, 41, 11794-11800 (2016) .

Objective: Methodology: Results:
> Development of hydrocarbon >High sulfonation using PPSU > High proton conductivity

polymer electrolyte membrane »Solvent processing >High IV performance and durability up to >1300h
> Crosslink » Future work: Improvement of stability, conductivity, IV, and durability




Development of Water Splitting
Photocatalysts for Solar Energy Conversion

Ll
[
B

Keywords:Photocatalyst, Water splitting, Hydrogen production, Solar energy conversion ’

Hydrogen produced solar driven water splitting is clean and renewable energy
carrier. Direct splitting of water by photocatalysis is one of the ideal means.
Nowadays, development of highly efficient and scalable water splitting
photocatalysts are required.

Introduction

For efficient solar energy utilization, extension of operable wavelengths and enhancement
of quantum yield are necessary. Bandgap tuning of semiconductors and control of
surface redox reactions are the main strategies for materials design. In addition reactor
design for bench-scale solar hydrogen production was attempted.

Design of photocatalytic materials Reactor design for bench-scale test

Theoretically, water splitting on a semiconductor photocatalyst proceeds

s with photon energy greater than 1.23 eV. However, in practice, somewhat Solar energy conversion system should be extensible to huge scale because of the low sunlight
5 Jarger photon energy is necessary due to the presence of overpotential. intensity. Therefore, water splitting reactor should be designed with simple structure and low
i Most of the active photocatalysts for overall water splitting are wide-gap cos%, so that scaling up is feasible. Large size phomgalalytﬁc water splitting react(.)r was newly
z oxides requiring UV light excitation. To utilize much broader portion of designed as a prototype of bench-scale test for sunlight driven hydrogen production.
g sunlight spectrum, narrower-gap photocatalysts based on transition metal Y. Goto et. al. Joule, 2018, 2, 1-12
2 oxynitrides have been examined. Among such an attempt, LaMg, Ta, #
k| ,0,.3,N, 5, was demonstrated to be capable of overall water splitting, P Ml
52 responding up to 600nm. ¥ SITiOy: ive oxide pl | of AQY
o C. Pan et. al. Angew. Chem. Int. Ed. 2015, 54 ,2955-2959. BG=32eV A=380nm 100
£
15 £ 80 ¢
® 207 .t K
42420 nm 356 E, E . t K
3 AN o g £ g
8 ~ 05 % 40 <
g; 10 £ : N 1
5 2 Q5o o000 80 2
§ 5 Wavelength / nm £ 0 1o
£ * 320 340 360 380 400 420
Partial overlap with sunlight spectrum Wavelength (nm)
¥, — o ¢ P 4 @' High AQY in UV region AQY=60-70%(365-340 nm)
o LN Wavelength /om . Prototype for solar water splitting reactor /s\T?jca.gésw.;al .
ctive under real sunlig
Crystal structures of LaMg, Ta, [0, 5N, 1 Optical properties of LaMg,Ta, ,0, 3N, Water splitting on LaMg, Ta, 0, 3N, 1 (x=1/3) €
Immobilization of photocatalyst powder
4 % RhCrO,/StTiO;:Al (20 mg)
Water splitting via two-step photoexcitation combining two #5i0, np(20 nm, 40 mg)
s e OB & o types of semiconductor photocatalysts mimicking
I o H*H, photos is was also i In this model, it is
o expected that relatively smaller-gap semiconductors can be
z utilized in terms of thermodynamics. However, this model is
g kinetically more challenging because the number of charge
> transfer steps increases compared with one-step
T 123 ) itation route. We optimized both kinetic and
g lh‘em.wdynamlc aspects, and achieved remarkably high Frosted glass Photocatalyst sheet(5x5em?) SEM image
a efficiency among the ever-reported photocatalysts by
0, evolution H, evolution combining two types of oxide semiconductors responding up
photocatalyst photocatalyst to 500nm. Water splitting panel (1x1 m? for field test)
(HEP) Q. Wang et. al. Nature Mater. 2016, 15,611-615 _sqon e cssouet
F— |
Sunlight 200] d AM1.5G
o . Pure water e
§ STH1 91 kPa H
5 150 o - g
HEP (SITI0;: La,Rh) OEP (BIVO,Mo) g - " 333K g
0, HO H, 7 . .
\J £ 100 5’%
2
=T
g 350 mm
& 507 1190 mm
Acrylic plate (5 mm)
H,0 (4 mm)
0 Photocatalyst sheet (2 mm)
Spacer (2 mm)
4 6 Acrylic plate (5 mm)
Time /h
g s P . 1 1 1 1 ~ K
® Development of transition metal oxynitrides for water splitting responding to ® Photocatalytic materials design to achieve 3~5%(STH).
— 0, s . .
600 nm. QE=ca.0.2% ® Bench-scale test for solar water splitting combining with H,~O, separator.

® Z-scheme water splitting based on photocatalyst sheet. QE=33%, STH=1.1%

® UV-light responsive oxide. QE=ca.60%, STH=0.5%

X-Breed, Shinshu University. (GREEN, NIMS 2011~2016)

Tsuyoshi Takata, Kazunari Domen E-mail: ttakata@shinshu-u.ac.jp, domen@shinshu-u.ac.jp
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" Insight into the solvation structure of glyme
based electrolytes via DFT-MD

Yang Sun and lkutaro Hamada
Interface Electron Transfer Theory Group, GREEN, NIMS

& O

N
.

Background

Glyme based solvate ionic liquid electrolytes hold the promise of achieving excellent rechargeable battery performance

with high safety. Various glyme-Li electrolytes have been successfully implemented into the next generation battery
technologies such as Li-S and Li-O, systems. The basic properties of glyme electrolytes, such as the change in solvation
structure with the concentration of Li salt, have not been adequately understood.

Abstract

Density functional theory (DFT) molecular dynamics (MD) is a powerful tool to probe microscopic properties of the

electrolyte.

Herein we employ DFT-MD simulations to study the Ilithium bis(trifluoromethylsulfonyl)-amide

(LiTFSD)/tetraglyme (G4) electrolyte at both low and high concentrations, and lithium bis(fluorosulfonyl)imide
(LiFSA)/1,2-dimethoxyethane (DME) electrolyte at a high concentration. The solvation structure and structure-energy
correlations are analyzed.

Gas phase and 1mol/L electrolyte

Highly concentrated electrolyte
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Optimized geometries of different [Li(G4),]* complexes and
[Li(G4),]*TFSI- pairs. The cn (n = 1,2,3,4,5) represents the
coordination number. The total energy of G4 molecule changes very
little with the conformation (curved or linear), while the stability of
[Li(G4),]* complexes considerably increases with increasing CN and the

c5-[Li(G4),]* complex is the most stable one.
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DFT-MD results of the 1mol/L LITFSI/G4 electrolyte. The calculated CN
from Og, atoms is 4.76, much higher than the value from O atoms
(0.25), indicating that only one in four TFSI- anions is in direct contact
with the solvated Li* ion.
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DFT-MD results of the Equimolar LITFSI/G4 electrolyte. The Li* ions are
predominantly coordinated by four or five oxygen atoms from one G4
molecule and one oxygen atom from one TFSI- anion, equivalent to the
second most stable contact ion pair c5-[Li(G4),]* TFSI- in gas phase
calculations.
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DFT-MD results of the Equimolar LiFSI/DME electrolyte. Compared with
the G4 electrolyte, Li* ions are mainly coordinated by the oxygen atoms
from FSI- anions, mainly due to the insufficient oxygen sites of DME
molecules at a high Li salt concentration.
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Conclusion

Next Plan

The probability of pairing between the Li-G4 complexes and TFSI~
anions is significantly increased by the increased concentration of Li
salt.

At a high concentration of Li salt, the Li* ions are dominantly
coordinated by solvent molecules in the G4 based electrolyte. In
contrast, the contribution of anions to the Li* solvation structure
prevails over that of solvent molecules in the DME based electrolyte.

Yang Sun and lkutaro Hamada J. Phys. Chem. B 2018, 122, 10014-10022

® The dynamic (de)solvation process of Li* ions in tetraglyme based
electrolytes.

® The transport properties of both Li* ion and anions.

® Interfacial reactions between tetraglyme based electrolytes and
electrode materials.

® Effects of highly concentrated Li salt in different electrolyte systems.

E-mail: SUN.Yang@nims.go.jp
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Electrochemical impedance analysis of the Li/Au-Li-La;Zr,04,

interface during Li dissolution/deposition cycles

Shuji Nakanishi (Osaka Univ.) and Shoichi Matsuda (NIMS)

Li metal is one of the promising negative electrode materials employed in post Li-
ion batteries because of its lowest redox potential and high specific capacity.
However, high charge transfer resistance at the Li-electrode/LLZ interface is one of
the major problems that prevents the application of LLZ in Li metal secondary
batteries

Background

The influence of pre-coating LLZ with Au on the charge transfer resistance (R) at
the interface of LLZ and Li is examined by AC impedance spectroscopy using a
three-electrode system. R increases and decreases during Li dissolution and
deposition, respectively, and the increase in R during Li dissolution is suppressed at
the Li/Au-coated LLZ interface.

Experimental Effect of buffer layers

o Au or Al layer was inserted at the Li/LLZ
S (;{ interface as a buffer layer.

1 i_Al | Li-Al 200 um

Configuration of electrodes
Side
Liwire (REE) Li (WE®3)
uz (@11)
Li (CE ®@3)

Dynamic change of R

R increased and decreased during Li
dissolution and deposition, respectively.

Dissolution

Deposition Increase of R was suppressed.

R was almost constant when Li deposition
proceeded without prior Li dissolution.
g 4000y ' ‘ ‘ ‘ '

— e
Sa0{ ¢ o« a4 4 LI \J—dﬂ ﬂ
1 3000

2 ) = i )
g o | oo msten R increased (or decreased) during the
S ol .

00 02 04 08 08 10 dissolution (or deposition) process, suggesting

Conclusion el that voids formed during dissolution process is
the main origin of the increased R.

AC impedance technique was employed in an attempt to trace the dynamic changes in the R at
the Li/LLZ interface during Li dissolution and deposition. R increased and decreased during Li
dissolution and deposition, respectively. It was suggested that the formation of voids at the Li/LLZ
interface during Li dissolution is a critical factor that influences R. The increase in R during Li
dissolution was suppressed by the Au or Al pre-coating of the LLZ.

Journal of Electroanalytical Chemistry, 835, 143-149 (2019), Journal of Power Sources, 376, 147-151 (2018).

E-mail : nakanishi@chem.es.osaka-u.ac.jp
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Design of interfaces in MEA of polymer

electrolyte membrane fuel cells by using o~
quantum beam irradiation technology o | S0

Associate Professor
Tsutruoka KOSEN

‘ Key Words: Fabrication, Microanalysis, Modeling, Wide three-phase boundary area

The development of polymer electrolyte membrane (PEM) fuel cells has been the subject of
particular interest for use in residential scale cogeneration systems and vehicular applications.
I lsseTeliteiatey® 10 meet the radical innovation of fuel cell technology, the activity of Pt in the MEA should be
maximized. Then, content of Pt in MEA can be in low level. For this challenge, the wide active
interface area (i.e. wide three-phase boundary area) around Pt in MEA has to be designed well.

To activate the surfaces and interfaces in the cathode layer of MEA, we try to use quantum
Theme beam (i.e. electron beam) irradiation technique. Also, we are going to design the wide three-
phase boundary area around Pt in MEA on the basis of all results of microanalysis, surface
atomistic simulation and fabrication route design. The present work indicates that we have great
opportunity to maximize the Pt activity using metal-support interaction on CeO, NW in MEA.

Aim of present work and suggestion from simulation Fabrication of wide three boundary area

For activation of CeO, NW surface mmmmmmm) Use of water radiolysis
e beam effect by e beam
irradiation irradiation

Pt nano-particle HZO ey , H*, OH", Hz:

Formation
etc
on CeO, E:) OH*+ CH5CH,OH

e - H,0 + CH;CHOH

|Gate way to radical innovation |

Take subtle cnangpw

into account icati
m==m Fabrication

I

NIMS

e beam
lrradlatlon

Guide

Microanalysis Modeling

& =3

Multidisciplinary

Y‘ OH* would activate
" e the surface of CeO, NW.

Target: CeO, sintered body
Substrate: a-Al,O; single crustal
Heat treatment: 1000°C, 1h
Thickness of film: 100 nm

y control of key parameter
C,H{OH/ K,PICl, ratio )

~@

082

Commercially available PUC
_— — > Irradiation: 500 kGy
oss ‘ & 080
. L Aim - . o o Electrolye: Nafion 212 > Iradiation: 400 kGy
Before e beam irradiation : After e beam irradiation = . Operationtemp.: 70C & > (.0
/ \ ? vacancy ! To create wide three-phase boundary area, we try to activate Anode: PYC = E
S50 000 S o oyodsoTTo] | the surface/ interface of Pt-CeO, NW/C cathode by using ¢ beam. of Activation (Pt:0.15mgpem?) 2
S LS 22000 8 : over-potential” S < 076
0502099890 0 0 098% 850 o ’ A Cathode: Pt:CeO NW/C & &
G ohchon S ) - Oxygen vacancy | region o, X S
= ‘ Cathode gas: wet H, 2o
CeO, nanowaire o m 3 80 mimin = S 074
L Electron beam Current density / mAcm mimin= 5 -
r S Anode gas: wet O, O
110 irradiation Measurement of performance: 80 mimin 0.72
& 2 o, steady state measurement method 0 20 40 60 80 100 120 140 160 180
D o) y & on the basis of NEDO protocol Operation time of fuel cell / h

O - K edge

400 kGy EtOH/K,PtCI

— H*(H,0%)
o |diffuses though
the Nafion

ﬁ [Absorbed dose:
Pt:.

90° %o

ECSA of Pt :150 m?/gp, Interface structure formation
for promotion of charge transfer

w Our surface atomistic simulation suggests ..........

P10 2% 2P+ 407 + AV Ve, Without cluster

Encrgy-Loss/ ¢V,

4 ED:' Ce- Medge <:>

B ¥ layer(07V,)

Ve -965.6 eV
Vo 38666V

®
o
: [Ahsurbtd dose:1 MGy EtOH/K,PtCl, =5 ]
.

L]

207.2eV

= 2 : .
) - ‘\N “ P : g . - .
il SCC&E = 40;’ o 25146V v: AE, Ess ;WasElc)ll;s{:l)/numbevoldelect e i
AE, = 6,47 &V A AB=31ev

Jia Le Ma, Fei Ye, T.Mori et al., T . 5
1. Phys. Chem. C, 2012, 116, pp.25777-25782. Intrinsic Ce** cluster on CeO, is easily formed on the surface.

To design the new active site with P** defect cluster,
we must activate the surface of CeO, NW by using quantum beam.

Conclusion Future Plan

® The surface of CeO, NW was activated by e beam water @ To improve the performance of MEA, we control key

Hard flooding and Pt pamcle coarsening E pi—
were observed in performance test.

radiolysis for formation of key interfacial defect site fabrication parameter ( i.e. C,H;OH/K,PtCl, ratio ) and
around Pt as active three-phase boundary in cathode evaluate the performance of MEA.
layer of MEA. ] o

® The cell performance (IR-free) observed for Pt loaded ® In order to make wide three-phase boundary and maximize
CeO, NW/C cathode in MEA was conspicuously improved the performance of MEA, we will tune the interfacial defect
by electron beam irradiation. structurer along the guide of surface atomistic simulation.

Center for Green Research on Energy and Environmental Materials,

Toshiyuki MORI E-mail: MORI.Toshiyuki@nims.go.jp on going collaboration with
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Interfacial defect structure design in

IT-SOFC by multi-disciplinary approach 1

NIMS Associate Professor

Tsutruoka KOSEN

‘ Key Words: Fabrication, Microanalysis, Modeling, High quality three-phase boundary

Intermediate temperature (IT)- solid oxide fuel cells (SOFCs) have attracted considerable
attention as a clean and efficient power source for generating electricity using air and hydrogen.
If IT-SOFC provides us both of high performance and good stability around 700°C, this challenge
will give us good opportunity for development of Super-IGFC” system and guide us to the

radical innovation for achievement of GREEN innovation .
*Super IGFC: Super Integrated coal Gasification Fuel Cells by using IT-SOFC and steam turbine engine

To see the radical innovation in the development of IT-SOFC, the performance of IT-SOFC
Theme around 700°C has to be improved by design of unique active sites on the anode. In the present
work, we successfully designed the active sites on Ni remaining oxygen atoms or YSZ surface in
anode layer (not on the cathode) by combination of fabrication route design, micro-analysis and
surface atomistic simulation. We are going to develop the high quality IT-SOFC stack cells and IT-
SOFC systems with industry partners in the world and ‘KOSEN’ national institute of technolo

Introduction

under
Discussio

New active site design on Ni in anode New active site design on YSZ in anode
|Gatc way to GREEN Innovationl y Aim XPS O ls prOﬁles XPS Zr 3d prOﬁleS
High magnification Low magnification o T
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Microanalysis Modeling x
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ﬂ H N
Multidisciplinary BM promoter: Ba(In,; (Zrys, Z1y5)),05 Binding energy (V) @ Binding energy (V)
Surface atomistic simulation Based on XPS analysis data

* HAADF-STEM imag

Based on analytical TEM observation
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> Pt: 91ppm Electrolyte: 8YSZ z 12 f00°C § :: 1“/ il | By lowering excess z “}mprovement of stability
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H Rll: 40" bbin (4:1 weight ratio) 8 i FeO, (Fe content): 1200 ppm Foal E *
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il (Fuel cell material Company) =, 1.0 £ ' IConyentioiial = S
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] aﬂ (Flow rtes: 80 i i both sides) 5} % S 3 2! 0.2wt% promoter]
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= = PtO. 2 o8 H & s
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07 £ e g,
—— - C T o w0 o 1 5 [Comentdial__~,
. R 03
Gt iy [h S Current density / mAcm? S e g Bt - D—
. . . . . . " . . . . . . A 08/2018
A.Rednyk, T.Mori, S.Yamamoto, A.Suzuki, Y.Yamamoto, T.Tanji, N.Isaka, P.Kus, S.Ito and F.Ye, ‘Design of new active sites on Ni in the anode of intermediate temperature solid oxide fuel cells using trance amount of -
platinum oxides’, ChemPlusChem, Vol.83(8), pp.756-768 (2018). (Fron cover article) Our article was selected as ‘2018 most accessed/ most downloaded articles in Top 20° which was announced by the Journal.

Conclusion Future Plan

® Electrode performance was conspicuously improved ® To maximize the performance of IT-SOFC, we are

by design of new active site on Ni and YSZ in the anode. performing the DFT + U calculation for fine adjustment of

® New active site formation would accelerate slow surface Fe?*/Fe?" ratio and Mn*/Mn®*/Mn®* ratio in the interface.
oxygen diffusion and promote charge transfer on Ni and ® On the basis of present results, high quality IT-SOFC stack
YSZ surfaces as predicted by recently published first cell and systems will be fabricated with industry partners

principle calculation® (*s.iu, Mkoyamaetal, J. Phys. Chem. ¢ 2017, 121, 19069-19079. ). in the world and KOSEN national institute of technology.

Solid Oxide Fuel Cell Materials Design Group, GREEN Toshiyuki MORI

E-mail: MORIL.Toshiyuki@nims.go.jp
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Ubiquitous-element thermoelectric

materials and devices for power
generation at 300~600K.

‘ Key Words: thermoelectric, ubiquitous, hybrid, high-throughput

Y. Shinohara . Y. Takagiwa

The targets of Thermoelectric Materials Group are to find ubiquitous-element
thermoelectric materials with thermoelectric performance comparable to Bi-Te materials,
which are suitable to power generation at 300-600 K, and to develop their power generation
devices to meet social needs of exhausted heat recovery.

Introduction

= Hybrid thermoelectric materials research by Y. Shinohara.

* High-throughput investigation for energy related materials by M. Goto.
= Ubiquitous thermoelectric materials research by Y. Takagiwa.

* Thermoelectric power generation device fabrication by all members.

Hybrid thermoelectric materials High-throughput investigation

Only one apparatus of Combinatorial Sputter Coating System
(COSCO0S)

Theme

under

Reviewing an equation of maximum
energy conversion efficiency for power
generation as a basis of hybrid concept
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oo he valves of 3 is same, 2X10°. Mapping analysis

Single-

Ubiquitous thermoelectric materials

Research and development of Al-Fe-Si thermoelectric material Thermoelectric devices
with sufficient power output based on experiment, theoretical
calculation, and machine learning.

Process.
technology

Nano
technology
Data science

Fabrication of inorganic and organic thermoelectric devices
Silicon for power generation by hot pressing, sputtering (COSCOS)
and casting

\
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o,
..,
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o
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$5FE2017-166286,
PCT/JP2018/032031.

J. Therm. Anal. Calorim. (2018), Fe-Si devices by hot pressing Bi-Te device by COSCOS PEDOT/PSS device by casting
J. Phys. Chem. Solids (2018).
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Conclusion Future Plan
® An reviewed equation of 7,,,, was introduced. ® The new hybrid concept is verified.
® Operation of COSCOS has started. ® The 3-element mapping of thermoelectric materials is

promoted by COSCOS

® Thermoelectricity of the new phase is optimized.

® A promising ubiquitous phase was found.

® Thermoelectric devices were fabricated by different
processes. ® Electrode formation processes are developed.

Thermoelectric Materials Group, Yoshikazu Shinohara

E-mail: SHINOHARA.Yoshikazu@nims.go.jp
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Molecular Design

of Multi-Use Polymer Electrolyte

Sato T Morinaga R Shomura

‘ Key Words: lonic liquid type polymer, Lithium-Air Battery, PEFC ’

Much attention has been directed toward polymeric and ionic-liquid (IL) electrolytes and their
composites for improving the safety in energy devices. We show a new concept of ionic liquid
type polymers as a solid state electrolyte with a highly ion conductivity available for the
Lithium-Air Battery (LAB) and the Polymer Electrolyte Fuel Cell (PEFC).

Introduction

New polymer electrolytes for the Li-Air batteries and PEFC were synthesized consisting of
ionic liquid monomers. PLi(G,)TFSMA indicated good ion conductivity, because it showed
dramatic glass-transition temperature decrease than PLITFSMA.

Additionally, we also studied efficient synthetic route for that monomer.

Anionic Polymer electrolyte

Theme

Previous reports This research
S e T T T T T T T T T T (BNTER, ST RN
. e’ I 1
g g I 1
' 1 1 n :
I oo ®
: : Ofcfﬁo O: As estimated by the monomer
oo ontea :% | [O L O] ON , molecular weight, improvement of
v v : £ LT T | 1 Li* concentration is expected to be
ouse0 | & 1 /S\_ | approximately 1.5 times compared
; i Y \ FC™ o 7 with previ !
3 3 \ e, N _ with previous examples.
Nature Materials 2013, 12, 452 © ACS Appl. Mater: Interfaces 2016, 8, 10350 Polymer design concept
lonic liquid type polymer containing anionic main chain and Li* as free cation (1) Compact monomer = Improve Li* concentration in bulk
Formation of block copolymer with polyethylene glycol for the purpose of (2) Li* G, complex = Promotes dissociation of Li* in homopolymer

promoting dissociation of Li* = Improved lithium ion mobility

NG o EDLC Collaborative Development Site for soft
/

energy devices was established in April

C/ *o ed o
Fs Fd 2018 at Kosen-Applied science Research
O/‘O’\l.J PLiTFSMA G 583 Center
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Conclusion |; |L| A E
® \We synthesized anionic main chain ionic liquid type
polymer. Future Plan

® For the reason the compact monomer design, polymer ® Li* containing polymer = Evaluated Li* conductivity
becomed possible to contain high Li* concentration. and aim for implementation in lithium air battery.

® By using Li* G, complex, it is expected that dissociation ® Proton containing polymer = Evaluated proton
of Li* is promoted in homopolymer and improve Li* conductivity and aim for implementation in fuel cells.
conductivity.
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