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Study using Helium lon Microscope in GREEN

‘ Key Words: Active voltage contrast imaging, Electrical potential distribution ’

Imaging of electrical potential distribution of devices (e.g. Li-ion rechargeable battery)

is a direct method for grasping the position of active site of them. Demand is growing for
measurement techniques for observing electrical potential distribution with a higher spatial
resolution (i.e. at the nanometer scale) as the size of devices continues to decrease.

Introduction

Theme Helium ion microscopy, developed by Ward et al., is a new imaging technique with a high
under spatial resolution. To develop a new operando electrical potential distribution measurement
Discussio technique, we tried active voltage contrast imaging using helium ion microscope.

Experimental Results and Discussion

Helium ion microscope (HIM) — Secondary electron images —

internal electrodes dielectric  positively biased
; ] region internal electrode

grounded internal electrode

51

field ionization emission
from the edge of ion source

?gg (b) internal electrodes 180 (d) grounded internal
system 160 ; i 160 electrode |
Eroaaa ) . . 2 140wt Yol Ml )2 140
for neutralization field-ion microscope %120 f—o 5120 ‘
Electronbeam - -+~ Backscattering ion image of Trimer §1gg dielectric region g*gg I‘;“::‘r:‘;e"gls';f::e
Secondary electron 60| 60
O 0 w5 20 %5 0 5 2 %5 10 15 2
fundamental principle illustration of HIM B. W. Ward ef al, J. Vac. Sci. Technol. B A Length am) & A Length (um) & A Length (um) 5
24 (2006) 2871.
Characteristics of HIM Material contrast \ \ Voltage contrast \

» Big focal depth

[ i
» High spatial resolution (on the nanometer scale) i Eiiu EEH
iy

The electrical field between the Everhart-Thornley (ET) detector and the sample surface at the

> High sensitivity for surface ] g Eee positively biased internal electrodes weakened because the electrical potential of the positively
> High observation capability for materials - W VT e biased internal electrodes became high. This means the efficiency with which an SE reached the
with a low conductivity L { ET detector from the positively internal electrodes decreased.
Voltage contrast imaging i
> Passive voltage contrast (PVC) imaging = s b C. Sakai et al., Appl. Phys. Lett. 109 (2016) 051603-1~051603-4.
Inttinaic diferant slochoal potontials = Ny ey r\ C. Sakai et al., J. Vac. Sci. Technol. B 36 (2018) 042903-1~042903-5.
in the samples appears in SE images F ‘\C;F ’H\{;#‘ \
> Active voltage contrast (AVC) imaging R et
*With voltages applied from the outside 4 F ut re P | a n
-Electrical potentials corresponding to Schematic diagrams of a p-n junction under conditions of
applied voltage appears in SE images (a) equilibrium, (b) forward bias, and (c) reverse bias.
S. Mi'shtein, Scanning 22 (2000) 227. i i . . . . i
Sample Applied voltage to electrodes ® Application of AVC imaging to the p-i-n junction for
Multilayer ceramic capacitors (MLCCs) 0~ 5V (0.5V step) . .
(TAIYO YUDEN CO., LTD.) HIM measurement condition perovskite (PVK) solar cell, which was able to be
Ni internal electrodes Images : Secondary electron .
BaTiO, dielectric Acceleration voltage: 25.0 kV observed the secondary electron image.
3.2 X 25 x 25mm Incident ion current: 0.9 pA
Interval between the two internal electrodes: 5 um Dwell time: 0.2 ps/pixel
Electrostatic capacitance: 22 uF Repeat count: 256 o
CO n CI u S | O n _~ AZO indium doped tin oxide (ITO)
— PCBM aluminum doped zinc oxide (AZO)

6,6-phenyl Cg-Butyric acid methyl ester (PCBM)
— PVK CH;NH,Pbl, perovskite (PVK)
nickel oxide (NiO)

® AVC corresponding to the electrical potential distribution

in the SE images was able to be observed when the - .”T'é’
applied voltage is less than or equal to 1 V. — Glass

Secondary electron image of the cross-sectional
surface of PVK solar cell
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GREEN

« Pt based electrocatalysts are currently the best choice for ORR. However, it has its own limitations like high

cost and sluggish kinetics. .
Pt-CoNi nanosheets
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< ltis prime important to reduce the Pt loading and to increase the mass activity of the low loading Pt catalyst.
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. 00 02 04 06 08 10 12 : o o ) i
|\ Curent density / Acm?2 . 23 pA/ ugp, is achieved which is 10 times higher than the Pt/C ’I
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t Summary » CoNi nanosheets were successfully synthesized in ethylene glycol as medium by wet chemical synthesis.

« Electronic structural studies (of Pt-CoNi) are under progress.

« 1 A/cm? at 0.34 V was observed by proton exchange membrane fuel cell (PEMFC) single cell studies.

+ 3 wt% of Pt was loaded on CoNi nanosheets. Pt nanoparticles with the size of 5 nm is uniformly decorated on the CoNi nanosheets.

» The mass activity of Pt-CoNi was observed to be 23 pA/ ugp, , 42 A/ pugp; at 0.9 V and 0.85 V respectively, which is one order higher than the Pt/C.

-
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(Introduction N

CH,H

PdO(101) Tactivity of low temperature CH, oxidation
. @0.1atm O, and T=570- 630 K

%H LH + redox mechanism, O" and V, required
i * CH,y > CH3gpgsr + Haose

£2° o 0* (0, +V, > 20*) for CH,OH formation
¢ C-H bond breaking with HO*
* CO, is formed via V,

CHyg

M. V. B. Bossche et al., . Am. Chem.
Soc. 137 (2015) 12035-12044.

S effect: Pd > PdPt > IrPt

SO, poisoning 2.1;’: P 270, PPl 210, Ir,w.,‘mm,g//z&/A
S0z 'g 60 R
PdO catalyzes SO, TN g o / ¥
oxidation to SO, so,x= = 200 .
IHu et al., SAE Technical Paper 2007-01-4037, 2007 /9129; A © 300350 400 'Ia'g?npe?:é]ure,@((?) 300 5o ™ 4bo
Objective: Ir, Pt substitution and SO, on the activity of PdO towards CH, oxidation
Computational details Symmetric Pdg;Oq,(101)
* Software: VASP v5.3.5 ¢ k-point:4 X 3 X 1 Front view i
* Functional: GGA-PBE * Spin polarized 154 T T
* Cut-off energy: 400 eV o Pdae Pd @
* Convergence: 1.0X107° eV (electronic) Og; [“F \ Oy oe
1.0%1072 eV/A (ionic)sce
Vo~ formation energy 2% 3
Eyp = Epajo,_, t Eo, = Epao, Fixed W supercell,
2 5 layers
Adsorption energy m
£ _ Edeox+2adsorbate — Ladsorbate — Edeox L L 3
ads — 2 Negative energy values denote stability
Results and discussion Pd, M,0 stability: Pdir,,;:0 > PdPt,;:0
M effect on V, formation
pd @l oPt, T Y
Closest 63; Trast o ¢ :Closest Oy lrran Plrar
T} L] . 7'y 'y ° [} &
Toe . e v e TVTE ¢

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Pt minor effect on Vo formation. Iryy;; slightly promoted Vg 4. Closest V, ;¢ to M3 and

Mpgar Unstable = | activity o .
M substitution effect on O

° ® Top Pd, PdO
0.50 -y |Bridge 2pd,, PdO Ir, Pt substltutlon lead to
100 | (3a @ (6) (5) [0 Top Pd, MO (71, Ir) more stable O" > slower
150 O Top My (Pt, 1) f : :
( A Bridge Py M (P4, 1) |ncor.p.orat|on into CHy >
whaoo | 2 @y © Bridge 2pd,,, Papto (b, 1 | Activity
2250 Pd3F Pd4F X HCP Ir,+2Pd,;, PdIr0
S0," on PdO(101) M effect on SO,"
1)¢  2) b = SOZ‘ > 02‘> 0* %% Terdo ard,pro epdino
> 208 1 e -0.50 1 .
f?:ﬁt 3 ) S onPdy T 3 T
¢ & ':) Seas . =-1.00 1 8
3 33 a JAEYE 250, | SO, stability .,Flso o & a
¢ = Pd,,Ir,O I SN
et ool E L e1) Sy 200 s UV T S
b Loo " ; Pd.Pt,O 8
& 15 10 05 0.0 6 1 2 3 4 3
E,. (eV) PdO Configuration

Summary Ptand Ir substitution destabilizes the V_ 4, stabilizes O" blocking the
active sites for CH,, can limit the O incorporation into CH;. SO, blocks the active site for

(the O" and O,". Pt and Ir substitution lead to more stabilized SO," than on pristine PdO. )

e = N
Introduction Stability:

w PdPt solid-solution > Pt-Pd core-shell > Pd-Pt core-
@ shell, due to configurational entropy

@Pdm R
Solid-solution @
¢
L3 .

P
core-s

Charge transfer:
Dpy < Ppy > charge transfer from Pd to Pt layers
at the interface

Excess energy (eV)

stable

electron transfer|
atinterface. shell

[ 201 306 405 510
Pd,Pt,,, , (nanoparticle)
Thermodynamic stability estimation

Mixing enthalpy

T.Ishimoto et al., J. Phys. Chem. Lett. 7 (2016) 736-740

7i1

G=H-TS

\Configurational entropy
Controlling H and S will lead to stabilization of the alloyed nanoparticles (NPs)

Objective: Electronic structure and phase stability of Pt;M (M = Co, Ni, and Cu) NPs
Computational details
¢ Software: VASPv5.3.5 ¢ [-point:1 X 1 X 1
* Functional: GGA-PBE * Spin polarized
* Cut-off energy: 400 eV

« Convergence: 1.0X 107 eV (e’)
1.0X 107 eV (ionic)

@ Pt
© M=Co, Ni, Cu

Excess energy
1 Npy

Ntot - NPE
~—[Epesm — 5 Epe ————
Ntot . Ntot

Epy]
Ntot M

Eexcess = Epe

Solid solution  2-skin layers

Configurational entropy 1-skin layer
Seonpia = ks + IV (ss) (s2) (s1)
Results and discussion

000 T S oiid solution [PeCo 3 0.00 o Lskin layer |77C° 230 T8 Soiid solution [Pr-Co
£ O 1-skin layer Pt-Ni ] % 2-skin Iazm Pt-Ni < ;'stin Ilaver Pt-Ni

-skin | . g . — X 2-skin layers | py.
i oo | X 2-skinlayers |prcu  y E -t Pt-Cu s 240 § X% Pt-Cu
3 ° [} @ 0,04 < ° ° °
- oy [] L] ¥ £ 250 |
& 8 B £ - 2
2 008 | ; £ s 8 g ¥
& $ g £ 260 1 e b4 0
a -0.08 1 ] *
$ 012 @ 2 $ 4 ® ° *
@ * 3 -2.70 + ° Y P
* £ * PS * ° *
-0.16 3 -0.12 2.80
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
Number of atoms Number of atoms Number of atoms

* Stability * Charge transfer * d-band center downshift
S$1>S5>S2 From M to Pt layers for S1 S1: Pt;Co > Pt;Ni > Pt;Cu

Doy < Do < Ppi < Py
Size independent

S1's Pt

reduced:

1 O* OH* = 1T activity

compared to Pt

=6

Size dependent
S1, Pt,Co most stable

Adsorbates interaction
on Pt;M < Pt-NPs

atoms are Size dependent

Alloying Pt with Co, Ni, and

Cu !l HandS forall S1 SS: d-band center not
size dependent

d-band center Pt,Cu > Pt

LA(S1-SS) if Tsize, mainly
Pt;Cu

652 surface Pt atoms surface Pt atoms

Summary Bimetallic NPs with S1 configurations are the most stable due to lowest
mixing enthalpy and configuration entropy. Charge transfer from M to Pt in the S1 will
lead to a decrease in the adsorbate interaction stability changing the activity of the
NPs.
A\

J

0%=04y. 0 +4H*
(V) 07YHz0 evaluated at 298 K

JOER onset

02 1013 EwsRHE(VY) e r(lll), (V) atthe OER  Formation energy
) RL:VC”)X AEcosmo = E(IM(Ly)m(L)n]*™) =
OL“%EY"“’ 1720, Ru0,(0H), + At potentials O, from H,0 {E(M*™¥) + mE(L,) +nE(Ly)}
» (/ \ . . x: M-charge,
.07 ruo, (v:z‘:n e At T potexntlals 0, from m + n: M-coordination number
o O ROJOH 05=0y,0 M:Pt,Ru, It Ly: H,0, Ly:OH

P R. Kotz et a, J. Electroanal. Chem. 172 (1984) 211
RuO,(gas) ~ H'+e

Solvation free energy

AGsor = (Ecosmo + GEogho)
—(Egqs + GZ3E¥

'gas

Objective: Complexes role in the formation of
\intermediate species for dissolution during OER

'lnlroductioq - Computational details Results and discussion a0 _M-complexes stability A
2H;00) = Oy(g) + 4H(gq) +4e™ E°, =-1.23VVsNHE | ¢ 0 oo DMoP Protonation:[M(H,0),(0H), 1Y + H;0* > [M(H,0),.,(OH ), ,"*' + H,0 AEITOR) QeSO pr)
:: wRu0, A iStability: * Functional: GGA-BLYP Reduction: [M(H,0),(0H),JY + xe & [M(H,0),,(OH) ]¥* + xH,0 %E;—laoo
o o Ir0, > RhO, > Ru; M,0,>Ru0, Core e: effective core potential Pt(IV) co:iplexes Pt(l1) complexes E 800
2 R0, ) ) ) o £
Soa R Dissolution mechanism?  + Basis set: DNP (_,(,: © (1) Pt(H,0),(OH) -0.31 WroH: & o o
02 w00, "% | e Solution route, O, from H,0 e i 4 e ©
PP T ML A route, O, from O * Convergence: 10°° Ha (ionic) A 26.2 -44.7 ° N 5 B . 5
00 02 04 06 08 10 12  C Sporietal, Angew. Chem. Int. £d. 2017, 56, 5994-6021 10 Ha (electronic) (_,p é/ o° M(") Pt>Ir>Ru
Ninitia . . *
* Spin polarized . B
o, - Evolved O, from: e o © o [DPHMHO)OH) == (2) PHHO)OH) ¢ o & 1£40H 1> L AEcosmo
A Minguzzi et al., Chen 2 * Solvation effect: -
S oo 3551 w0t 0Z=0% + 4H" COSMO, 21, pmaon = 78.5 Coe 1_9 9 1_34 6 09 | AGgy M(H,0)* and M(OH)?
) €H, . . X
() 15 (V) (V) 1Y) 2H,0 > « Thermodynamic data: cgc. © @» M(1l1), and M(V): Ir > Ru

° :(, (3) PHH,0)(OH), == (3) PH,0)(OH), 5 © @ M(IV): Pt > Ru ~ Ir

of® 115_9 1_23_1 «  If#OH 1> L AEcosuo, T AGsorw

[ 1.73 ©© Possible dissolved species:
e %é (4) PEH,0)5(OHP* == (4) PH,0)5(OH)" @ @ pt(1V): [Pt(H,0),(OH),]

ce”® ©C  pi(ll): [Pt(OH),1>

140.0

(5) Pt(H,0)¢*

1—7.0 ®

(5) Pt(H,0),*

o M(V): [M(H,0),(0H),]*
& L P M(IV): M(H,0),(0OH"), M =Ru, Ir
& M(1l): M(H,0)5(0H),
Summary Dissolved M can exist as various M-complexes structures at different
potentials. Highly dehydrated M-complexes are the most stable ones.
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AII Solid- State thln film battery nﬁﬁ.@.@ ﬁ

All-Solid-State lithium-ion battery (LIB) is highly in-demand because of the fascinating
advantages, such as, the combustible material-free constitution and better handling of
stacked-cell structure which realizes high power output. Toward practical application,
improvement of Li-ion conduction in a solid-state battery remains as an issue to be addressed.

Introduction

In order to establish All-Solid-State LIB, a better understanding of ion conduction in solid
materials, especially at an interface, is necessary. In this work, (104)-oriented single crystal-
like LiCoO, cathode film, as well as a thin film battery, are fabricated as an ideal system for
investigation of Li conduction and an influence of interface in a solid-state battery.

Theme
under

(104)-oriented LiCoO, film on

Battery performance of a thin film battery

an off-cut Nb:SrTiO; (001) substrate with (104)-oriented LiCoO, cathode

Layered compound LiCoO, was grown by PLD on Nb:SrTiO, (001) Structure of All-Solid-State thin film battery
substrate with a 5° off-cut toward Nb:SrTiO, [110] direction. with an oriented LiCoO, cathode layer
LiCoO, L 06 o 800 5° off-cut Li metal
structure g o, © o a 800 Nb:SrTiO, (001) substrate [Anode | — M
0 0 o S0 00y Amorphous Li;PO,
o O ° olo' o- [001] 2 1 1 H H
c oo 50 o Single oriented ﬁn orleptagobn of LiCoO, is ;
o 0' 8, . ’/ LiCoO, theteI\Tt];"S]eT'oy anbozle?tatlon 0
.1, e Nb:SrTiO; substrate.
a b > 3
co06se sTO[110]  Off-cut M e.g.
(a) Out-of-plane 26 scan LiCoO, (104) // Nb:SrTiO, (001)

Nb:SrTiO; substrate

Comparison of battery performance between
(104)- and (001)-oriented LiCoO, cathodes
For charge process, an identical CC-CV sequence was used, that is,

1 C charge to 4.2 V followed by CV charge at 4.2 V for 2 hours.
For discharge curve measurement, discharge rate was changed from

6 = o o <
g10 3 s |8 g s 38
> 108 °e g 2 S
210 2 8ji2 2 8|2
[

2102

40 60 80 100 120
20 / degree

(b) Pole figure of LiCoO, 003 (c) Cross-sectional STEM-HAADF
image of the LiCoO, film

o
N
o

0.1Cto 100 C.
(104)-oriented LiCoO, cathode | (001)-oriented LiCoO, cathode ]
9] orc  gume® a5 oo gmm
4.0 4.0
235 2 35
“ w 100 C
(104)-oriented LiCoO, grows on a Nb:SrTiO; (001) substrate [Fig. (a)]. 30 3.01
Introducing a vicinal off-cut to the substrate surface facilitates growth of c- . 10c
axis in the same azimuth as SrTiO4 [110], resulting in a single crystal-like 5 20 40 o 80 160 120 2.5 5
(104)-oriented LiCoO, film [Fig. (b) and (c)]. Capacity / mAhg" 2003::Clty/mAhf;° 100120
Conclusion Future Plan
® (104)-oriented single crystal-like LiCoO, film was ® An origin of the kinks appearing in discharge curves of
grown by introduction of an off-cut Nb:SrTiO, a thin film battery with (104)-oriented LiCoO, cathode is
substrate and optimization of deposition conditions. going to be discussed.
® An All-Solid-State battery incorporating a (104)- ® Using the single oriented LiCoO, cathode, lithium-ion
oriented LiCoO, cathode layer kept high capacity conduction in solid materials and at interfaces, as well
even at high discharge rate. as grain boundaries, will be investigated more precisely.
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K. Kawashima, Y. Matsuki, Y. Tanaka, S. Miyoshi, N. Ohta, K. Mitsuishi, T. Ohnishi, T. Ohno, K. Takada
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NIMS Battery Research Platform

Key Words: Battery, Open facility, Under one roof

*Battery Research Platform was established with the FY2012 supplementary budget.
*Battery Research Platform is supporting specially to the innovative R&D of the next

IRLCBIEOIP  ocneration batteries in Japan.
*The world-class facilities, covering everything from battery cell assemble to materials
analysis, are accessible to every researcher.

Theme  Ultra-low humidity environment is necessary for battery research especially including Li
element.

.undelj *We provide the super-dry room, many glove boxes, and several type of airtight transfer
D15Cuss101 vessels to prevent samples from being exposed to air among the analysis instruments.

Installed instruments
‘ = : —_— : TG-MS

FIB-SEM® TEM/STEM @

Super-dry roém(80m2)

TOF-SIMS(GCIB)® ®

FE-SEM,/SXES @

ooling stage @ Ar Gas Clustel” Ion Beam

I Battery assemble
eqUIpmentS Vacuum drier Automatic coating Roll press

. Glove box apparatus machine

Fruitful Results from Users
Effect of Water and HF on the

Evaluation of LNM-LATP composite STEM observation Direct imaging of the internal
electrodes for 5V-class bulk-type of charged and discharged electrical potential distribution of Distribution of Discharge Products

all-solid-state rechargeable lithium LiNiy sMn, 50, crystal Solid-state-lithium ion batteries at Li-O2 Battery Cathode

X g with Kelvin probe force with in situ SERS
batteries with TCHEUEENE.. Spinel structure defined by Atomic microscopy {surface-enhanced Rarae e e e
arrangement SEM-EDS

Mixer Vaccume Ultrasonic
sealer welder

Results of
TG-Ms

Results of
XRD T K CPD (V)

+HF caused deposition of insoluble

LiO, at positive potential region.

i 0 results in the formation of
Li ions in LATP are depleted over L . . 4
thelmiciomera e Li,SO, at negative potential region.
transferred into the anode side.

*CPD:Contact potential difference

NIMS Battery Research Platform
E-mail: Battery-PF@nims.go.jp URL: http://www.nims.go.jp/brp/nims




Modelling of Grain Boundary Resistances Influence on the Performance of Solid State Batteries
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Introduction Results(3) — Influence of LiNbO; thickness in Reducing AM-AM & AM-SE
I Desired Features of SSB electrolyte Resistance
» High ionic conductivity: To ensure high power capabilities. Thickness 5nm Thickness 10nm Thickness 15nm
=

> Transfer number of unity: To eliminate polarization losses. & AM — SE (500hm - sz)z AM — SE (500hm - szz) AM — SE (500hm - C’"Z)z
> Good chemical stability with electrode: To minimize the charge transfer losses at : Next AM — AM (1.350hm - cm®) AM — AM (1.1ohm-cm*) AM — AM (1.750hm - cm?)

mt.erfaces. » . ] Generatio a1l 8 Exruiner z o . ::r:‘-:;ym (omnmﬂ 31| 0 Ex:g$;ryll (Ohta ot al
»Wide electrochemical window: To maximize energy density. battery 4 F ¥ -
| Major Challenges for SSBs NIE : § :
» Compatibility issues when used with Li metal as anode. (o,’ 95@ g, S =1 26 °
» Physical and chemical properties of the materials used, such as mechanical 9(/@ \,\-\q“‘ 32‘ 32_ ég 2fe

properties of the particles, reactivity with humid air and oxygen, toxicity, etc. 7 §§1.s e & :
> Very high interfacial resistance b/w AM and SE. & s e i . .
. - . 555 7 A R COCRCTE L YR

Reference Experimental Study for SSB Simulation ‘e Sk il e ) LR NI
Ref. Exp. Study: Ohta N. et al., Electrochem. Comm., 9, (2007), 1486 03 R ° *
[ Reference Experimental Study [ influence of Surface coating (Exp. Results) || & Fro L ’ (:..ZJ;LJZ‘:{;;? 1)“ -
> Composite Electrode: ( LiCo0, (LCO) & thio-LISICON _s7] St maven] 37[E Zea g H oseeTmn Twortors

(Liz25Ge0.25P0.7554)) %"’ S8 paon” H %mx %
> Weight ratio of composite electrode 7:3 (LCO:thio-LISICON) Ly 2wt . 3 39
» LCO particles are coated with LiNbO3; by spraying an ethanol 329 10 maem? g f o 3

solution of alkoxides of Li and Nb. byl 3 H H
» Thickness of LiNbO; is varied from 1 to 20 nm, with the best O g g ‘ < o = ° ° s = =

performance at 10 nm. Thinckness of LINBO layer (nm) Thinckness of LINBO &

Important Parameters for SSBs Simulation & Objectives Results(4) — Li Concentration Distribution in AM Particles

IBqu Parameters l Interfacial Parameters 0.13 mA/cm?

» Electronic conductivity in AM. » Charge transfer resistance (Ohmic & nonlinear ‘
D

> lonic conductivity in SE. Model Experiments Butler-Volmer terms). No Resistance b/w the

> lonic diffusivity in AM. » Grain boundary resistance particles
Unknown « o Electronic cond. at AM-AM interface.

e lonic diff. at AM—AM interface

IStructure Based Parameters

» Composite electrode size. e |onic cond. at SE-SE interface. LiNbOj3 thickness (5nm)
> Size and distribution of the AM & SE AM — SE(50Q - cm?)
Bulk o,
particles inside the composite electrode. AM — AM(1.35Q - cm?)

» Porosity of the composite electrode.

I Objectives
> |dentification of relevant apparent bulk parameters.
» Influence of buffer layer coating thickness and its effect of the grain
boundary resistance (AM-AM, SE-SE, AM-SE interface) on battery

performance. @ Solid Electrolyte (SE)

i . LiNbOj3 thickness (15nm)
. R A M. I (AM, 3
> Design optimization of the SSB © Active Material (AM) AM — SE(509 - cm?)

AM — AM(1.75Q - cm?)

LiNbOj3 thickness (10nm)
AM — SE(50Q - cm?)
AM — AM(1.1Q - cm?)

Analysis Method & Assumptions
|3D Modeling for FEM Simulation (Half Model Example)
1. Particle packing 2. Mesh Generation 3. Simulation

0
kmol/m?

Results (5) Optimization of the Composite Cathode Microstructure

® Current Collector (CC . .
urrent Gollector (CC) [influence of the composite cathode porosity
@ Active Material (AM)

»

® Solid Electrolyte (SE) 20% Porosity (Base Case ) 15% Porosity 10% Porosity Comparison

® Void

2] ®  Experiment (Ohta et 3] ® Experiment (Ota ot al.
— This Study — This Study

® Exporiment (Ohta ot al)
— This Study

: g5 g, g, E
(in house code) (AVIZO software) g‘ g 5 i‘"
23. ;":. :1.1 H
I Simulation Assumptions £ 82 854 3

&

» No volumetric changes during the charge/discharge process.
» Charge/discharge process occurs at isothermal conditions.
> Initial concentration in AM particles remain uniform.

27,

Porosity 15% 10 msem

porosity 10%

2040 s0 B0 100 120 H4o " 20 C R 3 20 40 60 80 100 120 140 10 o N
‘Capacity (mAh/g) “Capaciy (matio) Capacity (mAhig) Current (mAlem?)

> Bulk properties remain unchanged during the discharge process. ~ SWENME Ilnfluence of the composite cathode thickness
» AM and SE particles are spherical. © Active Material (Cathode) .
20pm Thickness (Base 40pm Thickness 80pm Thickness Comparison
Possible Roles of LiNbO; in reducing the interfacial resistances Case) " —
eperim ; Exporiment (o e
Base Case Bulk Resistance of AM-SE Resistance AM-AM Resistance * 1 2 Ty ) > e sy 019 aem L
LiNbOz0Nly . 4. 2 3 5 - 34 - 100" D 5
o e S 013w ) -
h g, Eaqf £ 05 mem Z o
R Ry oot - g‘; i gg‘ Zo
inbo,- Lcot Rrinno] RiinsoLco+R inpo - Ruinvo,co e ;“ % N _:i 1o\marem?®
No Resnstance © 2 © 29| 29| 8 40
- Experiment (Ohta et al
27] 27, 27k, Sgmwen [ g 2|
Results(1) — Influence of LiNbO; thickness in Reducing AM-SE Resistance ) A s ke iy
g 3 g 20 80 100 120 140 ' ) )
Ideal Case (No resistance Thickness 5nm Thickness 10nm Thickness 15nm O Sy mang B "P":"'I":")“"‘l‘m e Capacy mane) * cursnt e’y
b/w the particles) (185 ohm - cm?) (148 ohm - cm?) (187 ohm - cm?) . . .
o © Exporiment (Onta et o1 o © Exporiment (Ot ot a0 o ® Exporimont Onta ot ol 3] Ilnfluence of the composite cathode composition ratio
This Study — This Study This Study
i - - > - AM: SE (70:30) (Base AM: SE (50:50) AM: SE (80:20) Comparison
%z.a oy s PR %s.s Case)
5;.1 g ’ g » §3.1 3] =2 ::::n;l:.‘:;x(ommal. 3] . E:r:;::vyll(bhuvul. 3] . 5::::"":(0"'.-:“,1 s T
3 H H 3 & ” o4 e
29| . 29| 29 s g 0.13 mAiem® s
\ 3 H H g
i\ i R g Sas 234 3 3]
20 40 60 80 100 120 140 "0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140 "0 20 40 60 80 100 120 140 3 =z D g =
‘Capacity (mAhig) ‘Capacity (mAhig) Capacity (mAh/g) Capacity (mAhig) © 2 © 29| © 29|
3 ol come. rato s
: H H H < o D 27| |Comp. Ratio (6:4) Rl
Results(2) — Influence of LiNbO thickness in Reducing AM-AM Resistance |I RN ol
g a ) 0 v
Ideal Case (No resistance Thickness 5nm Thickness 10nm Thickness 15nm o M::apas:ny(:&n/‘)oo o ” c.p.cm.ﬁm'f° o “Capaciy (manig) v Curront (malem®y 1°
b/w the particles) (2 ohm - cm?) (1.7 ohm - cm?) (2.65 ohm - cm?)
31 * EpmmeGan | o [ 8 Bemmewonsa]] periment (Ot Conclusions

013 mdem’

» Influence of the surface coating thickness and its effects on the battery performances have been studied.

» For the surface coating thickness of 10nm, the AM/SE as well as AM/AM resistances are minimum compared to
the 5nm and 15nm thickness.

The battery performance can be optimize with;

» Adecrease in the porosity results in higher performance due to the increase in the mass per unit volume of the

Cell Voltage (V)

Cell Voltage (V)

Cell Voltage (V)

v

AR Y \SR Y Y : composite electrode.
B g, i FL L B wCip::llHl:oAhl‘)m e Cnpnwy(:&hl‘)u e » An increase in the thickness of the composite electrode results in capacity retention due to an increase in the
both the R4y (AM resistance) as well as Rg; (SE resistance).
Acknowledgement > An increase in the AM loading results in better performance at lower current density due to improved electronic
The results presented have been achieved within the scope of the project entitled “MEXT Program for Integrated percolation, whereas an increase in the SE loading results in better performance at higher current density due to
Materials Development”. better ionic percolation.
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Dendrite-Free Epitaxial Growth of Lithium:
Efficient Charging and Improved Cycle Life in Li-O, Battery

[ Arghya Dutta, Kimihiko Ito and Yoshimi Kubo
GREEN GREEN, National Institute for Materials Science (NIMS), Japan NIMS
E-mail: dutta.arghya@nims.go.jp

Li metal electrode I
RZ Non-aqueous Li-Oxygen (Li-O,) battery is considered to be one of the most promising future energy storage systems due to its very high theoretical specific energy (~3.5
kWh kg*) based on the reversible electrochemical reaction:
2Li* + 0, (g) + 2~ < Li,0, (s); E°=2.96 V vs. Li/Li*
Despite the promise, realization of Li-O, battery with Li metal as the negative electrode is hindered by uneven Li deposition leading to dendrite formation during
repeated cycles. Uncontrolled dendrite growth induces internal short-circuits which limit the cell lifetime and generate ohmic heat causing catastrophic failure when a
volatile electrolyte is used. Several strategies have been conceived by the researchers to suppress dendritic growth and delay the premature death of the cell. Although
| considerable improvements have been achieved from these earlier studies, microscopically smooth Li surface covered with thin and uniform SEl layers is yet to be realized.
Alternatively, here we show an unprecedented dendrite-free epitaxial electrodeposition of Li in the presence of LiBr-LiNO,/glyme ether electrolyte under O, atmosphere.
Stripping and plating of Li metal was investigated by using a symmetrical Li| Li cell and it has been found that in 1 M LiNO, +0.05 M LiBr/tetraglyme electrolyte the plating
of Li metal shows dendrite-free epitaxial growth up to a thickness of >20 pm which is clearly observed by the scanning electron microscopic (SEM) images and electron
backscatter diffraction (EBSD) signal.

High energy density

Early cell failure;

poor cycle life

Working principle of Li-O, battery Li-O, full cell with ketjen black (KB) electrode
e SEM images of Li surface after stripping and plating DC/RC profiles of KB electrodes (2 mg; 2 cm?) at 0.5 mA cm™ with
1 _yc Electrolyte » in0.05 M LiBr-1 M LiNO_/tetraglyme as the electrolyte 0.05 M LiBr-1 M LiNO, in different glymes as the electrolytes
J i ‘oz ‘ v ’0, After stripping | After plating After plating T 5
o g 5 —
PR = B e oo vz 8 Sa-
& — ] i =
o o
[ RC [ 5 3
e @ ¥4 ‘0 o um 2l
«oz J » - — . — Top view | e Cross section view > 2%
“Electrolyte ® Stripping and plating of 20 pm Li in 0.05 M LiBr—1 M LiNO,/tetraglyme w 1 — diglyme — triglyme — tetraglyme
| de: . I e as the electrolyte at 0.5 mA cm2 do not show any dendritic growth of T T T
-ve electrode: 2L © 2Li" + 2e Li. Top view SEM images display quite smooth surface with clearly 0.00 0.25 0.50 0.75 1.00
+ve electrode: visible grains. Q (mAh)
Li* + 0, + e~ © Li0; Lit + 0, + e~ © Li0; (sol.) . . . . Smaller glymes show better round-trip efficiency in Li-O, full cell.
Li* + L0} + e~ © Liy05 (s) 2Li0, (sol.) © Liz0, (s) Top view EBSD mapping ole surface at dlffirent states of gy ) P ¥ 2
* Indicates surface adsorbed species stripping/plating at 0.5 mA cm Properties of glyme ethers
' 3 et Solvent Boiling point Densit Viscosit:
o o . e r 20 pim stripping g p Y y
Schematic presentation of dendritic Li - ©C) (g cm?) (mm2s)
Diglyme (G2) 162 0.943 1.2
Dendrites Triglyme (G3) 216 0.986 2.5
/ l \ Tetraglyme (Gg4) 275 1.009 4.1
Jache, B.; et. al. Phys. Chem. Chem. Phys. 2016, 18, 14299-14316
Stripping/plating of Li in diglyme and triglyme
Af!;er Sl 20 um stripping/plating in 0.05 M LiBr-1 M LiNO /diglyme at 0.5 mA cm™
Li | Li symmetric c
- Bl . . oy ; : o TR %
"2 ! kZ trippi |j i : MLiB ML'Nolt'| t : A
P . . _ . . . 20 um stripping/plating in 0.05 M LiBr—1 M Li riglyme at 0.5 mA cm™
Stripping/plating of Li: 10 pm at 0.2 mA cm-2 Top view EBSD mapping beyond 10 um plating o e B ——
R \fter 20 pm stripping ' | ‘After 20 pm-plati
SEM images and EBSD mapping of Li after stripping and platin, at 0.5 mA cm2 was not possible y : :

ino.05 M LiBr-1 M LiNO_/tetraglyme as the electrolyte

Cross section EBSD mapping of Li surface
after 20 um plating at 0.5 mA cm

i

Smaller glymes induce dendritic growth of Li.

Cycling of Li | Li symmetric cell

SEM EBSD t (day)
] After 20 um plating After 2o [Im'plating 0 20 40 60 80 100
1 1 1 1
4
EDS mapping of Li surface after 20 um plating at 0.5 mA cm 24

w
-2 4

-4 -| = tetraglyme —— triglyme —— diglyme

T T T T
0 480 960 1440 1920 2400
t(h)

0O, mapping

Cycling of Li-O, full cell

==

5.0

01 v
15111 1

>
o

The commercial Li foil (as received) is covered with a thick (~500 nm)

the shape of the grain boundaries (SEM; Figure e) completely matched
that observed after stripping. EBSD mapping (Figure i) confirmed the
grain matching and hence epitaxial growth of Li after plating.

5 40

passivation layer (Figure a, b), mainly comprised of Li,CO, and Li,O. 00pm ooy E
Because of this thick surface layer, neither grain boundaries nor 235
electron backscatter diffraction (EBSD) signals were detected before '; E 30
stripping. In contrast, after undergoing 10 pm stripping, the Li foil < — Oxygen £ o LBLLNG

- s
exhibited clear grain boundaries (SEM; Figure ¢) and EBSD could map g Z o5l @ LiNO,
(Figure g) the individual grains. After subsequent 10 um plating of Li ‘5 —— Carbon

=

Q

-

£

0

@ LiBrLiCF,SO,
20
" 0 10 20 30 40 50
—— Lithium )
Cycle time
T T T T T T
0 2 4 6 8 10 1
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Thermodynamic Stability of Ternary Alloy Nanoparticles

Global Research Center for Environment and Energy based on Nanomaterials Science,

that are

(1. Introduction
Pd-Ru phase diagram[1]
Pd- or Ru-rich composition

Solid-solution under e

high temperature g

Sg= ©

. . (]

Solid-solution Pdg sRug 5 é‘

alloy NP [2] Ko,
Temperature of 50%

conversion of NO, [3]
Rh: 193 °C Pd, sRu, s: 180 °C

2600

2000 \ -

1400

a+e

0.5
x in Pd,Ruy_,

STEM-EDX map[2]

More excellent activity of NO,
reduction than Rh

immiscible in bulk state.

purple: Ru
blue: Pd

2'm|

Revealing the important factor for stability helps us to control the alloy NPs of elements

We evaluate the stability of PdARu and PdRuM (M = Cu, Rh, Ir, and Au) alloy NPs
using density functional theory, supervised learning, and MonteCarlo (MC) simulation.

|Practical use environment

Solid-solution is not
retained.

Ru dissipates.

1 Third transition element

~N

L

Stabilizing
PdRu alloy NPs

(2.
Software: VASP 5.3.5
Core treatment: Projector Augmented Wave
Functional: GGA-PBE
Cut-off energy: 400 eV
SCF convergence: 1.0x10-% eV/atom
k-point: 1x1x1
Relaxing: Atom
Convergence of geometry optimization:

Method

1.0x10% eV/atom

1

Eexcess — N(EPdRu -

Pap
aap=1———

XB

Excess energy: Evaluating the stability of alloy

T

Zepg —
N e
€pq , Epy s Ev: TOtal energy of fcc Pdy-NP, hcp Ruy-NP and fcc My-NP

Warren-Cowley parameter [4]: Evaluating homogeneity of solid-solution

Truncated octahedral
Ug7Ms7

Pdg;Ri

Large un

it cell

(NP-NP > 12 A)

Avoiding interaction
between NPs

N — 2z

€Ru — N

N )

state for binary alloy
P,g: Probability of finding

B atom surrounding A atom
Xg: Overall concentration (Xg = Ng / N)

\_Multicomponent short range order [5] was used for ternary alloy

~

NPs

/3. Results

3.1 Excess energy of PdRuM alloy

(M = Cu, Rh, Ir, Au)

M = Rh, Ir: Stabilizing PdRu alloy NPs
M = Cu: Unchanged
M = Au: Adverse effect

Symbol: Average

2 ® Segregation model

3.2 Multiple regression analysis of PARuUM-NPs

Y =B+ 5X1+BXo+ -

Excess energies of PARu-NPs
Data set (for each M > 200 configurations)

Pd,Ru,M,-NP
(y = 201-2x)

1

Solid-solution, Segregation (y = 21, 41, 67)
Pd-vertex (M = Rhoor I, y = 21 or 67)
M-vertex (M = Cu or Au, y = 24)

X: Descriptor, B: Regression coefficient

Ternary alloy NP

Binary alloy NP

® Ru

Pd-
M-vertex

vertex

oM

J
\

energy barrier AE?

Ep—FE
min(1.0, exp(—BkTTA)) min(1.0, ZE;;;)
Overcoming Density of states (g)

Multicanonical MC

is not known initially.
F. Wang and D. P. Landau: Phys. Rev. Lett. 86, 2050 (2001).
Density of states (g) is calculated until it converges.
Based on P(E,—Eg), updating g(E) and Histogram (H(E))

3.3 Thermodynamic stability of PdARuM-NP (Monte Carlo simulation)
Transition probability from energy level E, to Eg
Conventional MC

Specific heat

Thermodynamic stability of PARuRh- and PdRuAu-NPs
Local maximum of specific heat — Stable configuration changes.
PdRuRh-NP has shoulder structure around 1000K (PdRu- and PdRuAu-NPs x)
Adding third transition element to PdRu-NPs

— Higher energy configuration was realized under high temperature.

Q

p (Not including residual entropy)
- Pdyg;Ru;g0
-y=41
Pd,RUM, ~ ){ e
E 0.010 M =Rh
<
% 0.005
Helmholtz free energy —
Internal energy S 0.000
o o] 0 2000 4000
< 0.010
Specific heat 2 M = Au
ks
& 0.005
)]
0.000
0 2000 4000

Temperature (K)

Evaluating coefficient of determination

2 =1 =:(Yi = F)? F: value estimated by

Descriptors could explain excess energy.

Y (Yi —Y)? regression equation
M R2
Cu > 0.977
Rh > 0.959
Ir > 0.969
Au > 0.979

Pd.RU NP Solid-solution (z = 26, 51, 76, 101, 125, 150, 175)
0.15 . . Q Q 272012 Segregation, Pd-vertex (z = 101)
0.10 2 2 2
0.05 @ @ Pd,Myo;_, M,RUso;_,-NP (z = 26, 51, 76, 101, 125, 150, 175) © Pd
0'00: . 'e * M = Cu When element showing low surface enerqgy is located in low coordination number (CN) position (= vertex), alloy NPs shows
‘3'200 lower excess energy. (Surface energy: Au < Cu, Pd < Rh, Ir < Ru)
M = Rh
gig . . . . Validation : Hold-out method (Training set 3/4, Test set 1/4), Random selection (5 cases)
E o005 ' . . -Ratio of bonds: Pd-Pd, Pd-Ru, Pd-M, Ru-Ru, Ru-M
E _00'000: .' .' .‘ Descriptor — -((Composition in each CN) — (Overall composition)) x (Ratio of atom for each CN)
3 0.20 Element: Pd, Ru |;|':":| CN =6, 7, 849
= 015 M=Ir
2 o0.10 . ’ Q Comparison between g, predicted by SL and calculated by DFT
% 0.05 b4 . A (m Training set, ® Test set)
w
0.00 o . 0. -1 O. 0.
0.05 & & & . IM=rn 7 IM=Au
0.20 8 E o
o) @) @ @ S / f
) ¥ MR 2 .
L 7 b
=9 0.0 © & |- | /
: . M = Au —0.14 -0.1¥ —0.1% -0.1¥
-0.05. ~0.1 0.3 0.1 0.3 0.1 0.3 0.1 0.3
0 20 40 60 80 SL e (eV/atom)
y in Pd,RuM, (y = 201 - 2x) 7 “excess

I E)e PP
Probability distribution P = %
1
Pd0;RU;00 Temperature
- 300K
- 1000K
0 - 1700K
0.0 0.1,
PdgsRugsRhs PdgsRugsAuz;
%% o1 b0 0.1
1 1
Pdg;Rug;Rhg; Pdg,Rug,Aug;,
%o 01 %0
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)

.
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4. Summary
-We calculated the excess energy of PdRu and PdRuM alloy NPs (M = Cu, Rh, Ir, Au) to evaluate the stability.

-Multiple regression analysis were applied to the calculated excess energy and it was revealed that
some factors affect the excess energy of PdRu and PdRuM such as ratio of bond and composition of atom
for each coordination number.

-Wang-Landau sampling of PARuRh and PdRuAu alloy NPs were performed. With increasing temperature,
stable configuration changes.
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Cross-sectional Nanoscale Mapping of

Mechanical Properties of Composite Films

\ Keywords :7 birﬁbdal AFM, Young’s modulus, cioimbdsitieieliecitrddie fof LIB 7

The packing density and porosity of the composite film and mechanical
strength of each material are important parameters that influence on the
Purpose cycling performance of LIBs because the volume expansion and mechanical
stress may destroy the electrical connections between binders, current
collectors.

We apply bimodal AFM to LiCoO, positive and graphite negative composite
electrode films before and after charge-discharge cycles in a coin cell, and
demonstrate the nanoscale Young’s modulus mapping of their cross-
sections.

Cross-sectional SEM and EDS Bimodal AFM in the Same Area

Positive Electrode Negative Electrode
Pristine 100% SOC Pristine 100% SOC
b e S o O

™ 200

1%
8 &8 83

Young's Modulus

x(um)

(a,c,e,9) Prlstlne and (b,d fh) 100% SOC
(a,b,e,f) LiCoO, and (c,d,g,h) Carbon
Composite Electrode Films.

(a,c) Pristine and (b,d) 100% State-of-Charge By = f(gﬁjs;"cosdsl)_m (Za2ay™
(a,b) LiCoO, and (c,d) Carbon Composite : — Lo 1—p2\™

Electrode Films. = () @
Red : Active Materials (LiCoO,./Carbon)

Yellow : Electrolyte, Binder, Conductive Additive
Blue: Current Collector (Al foil /Cu foil)

Conclusions and Future Perspectives

® Cross-sectional nanoscale mapping of mechanical properties of
composite electrode films for lithium ion batteries were
successfully demonstrated by bimodal AFM.

® Applications of this technique for a wide variety of materials
are now on-going.
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Applications of in situ x-ray techniques

to var_iou.s e]ec;tron transfer reactions
at solid/liquid interfaces

\ Key Words: in situ, solid/liquid interfaces, synchrotron radiation light sources ’

In order to design highly efficient and durable materials for the energy conversion devices
such as fuel cells, rechargeable batteries, and photocatalysts, it is important to understand the

[ntroduction mechanism of multielectron transfer reactions taking place at the solid/liquid interfaces.

This work is a collaboration with the Nanostructured Electrocatalyst Group.

Theme Our research interest is the developr'nem of ir.1 situ characteriza.tion tef:hn%ques for the
electrochemical processes at the solid/liquid interfaces and their applications to the actual
energy conversion materials. Here, we performed in situ XAFS analysis of various
electrocatalysts and demonstrated in situ XPS measurements.

under
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Experlmental set ups fOr In SItu XAFS & XPS T. Masuda K. Uosakl, ek al., Adv. Mater. 2012, 24, 268. T. Masuda, K. Uosaki, et‘al., J. Phys. Chem. C, 2012, 116, 10098.
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T. Masuda, K. Uosaki, et al., Appl. Phys. Lett. 2013, 103, 111605.

Conclusion Future Plan

® Pt complexes act as molecular catalysts for HER ® Applications of the in situ XPS for the actual energy
without being converted into Pt metal clusters. conversion materials.
® The primary factor for the enhancement of the ORR @ |dentification of the intermediate species of the ORR.

rate is inhibition of Pt oxide formation by Ce3* species. ® In situ real time monitoring of electrochemical

® |n situ XPS was successfully demonstrated. processes at solid/liquid interfaces.

Solid/liquid Interface Analysis Group, GREEN Takuya Masuda

E-mail: MASUDA.Takuya@nims.go.jp
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Development of in-house Angle-resolved Hard

X-ray Photoelectron Spectroscopy

‘ 7 Kiéyi Wo};js? 7H7aird Xray 7F7’hotoe1écit;or;7Sp7ectriosicop?y?

Introduction
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Non-destructive depth analysis (~20 nm) can be performed by HAXPES.
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NIMS Battery Research Platform
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Conclusion

® An angle-resolved HAXPES apparatus which allows
to control the detection depth in the range of 1-50 nm
was constructed.

® |[ts non-destructive depth analysis capability was
successfully demonstrated.

Solid/liquid Interface Analysis Group, GREEN Takuya Masuda

E-mail: MASUDA.Takuya@nims.go.jp

X-ray photoelectron spectroscopy (XPS) is a powerful tool to investigate surface
compositions, oxidation states and electronic structures of materials with very high surface
sensitivity. However, most battery materials are covered with various thin films such as
passivation films and deposits of electrolyte, solvent residue and their decomposition

XPS is combined with ion-sputtering techniques to perform depth-resolved chemical
analyses of such buried interfaces. However, ion-sputtering often causes a severe damage to
the surface composition and structure. Here, we developed a “non-destructive” depth
analysis technique based on the laboratory-based hard x-ray photoelectron spectroscopy, so-
called angle-resolved hard x-ray photoelectron spectroscopy (AR-HAXPES).

Results

8.85 nm SiO,/Si

13.27 nm SiO,/Si 21.82 nm SiO,/Si

Kinetic Energy/eV

Kinetic Energy/eV Kinetic Energy/eV
38

1377 1382 1387 1392 1377 1382 1387 1302 1377 1382 1392
15000 : . 15000 15000
" Si**: SiO,
8
<
2 10000 10000 10000
g
£ so00 2py) 2p3; 5000 5000
0 0 0
110 105 100 95 110 105 100 95 110 105 100 95

Binding Energy/eV Binding Energy/eV Binding Energy/eV

Conventional XPS Al-Ka @ 1486.5 eV

Kinetic Energy/eV
5305.9 5310.9

Kinetic Energy/eV

Kinetic Energy/eV
5305.9 53109

5305.9 5310.9 5315.9

5300.9 5315.9 5300.9 5315.9 5300.9

1000 1000 1000
X1 PE200

z g0 x1pE200] 5% x1 PE200

2 600 x5 PE1004 600 600
g X5 PE100 X5 PE100

E a0 X25 PESO| 400 400
¥25 PESO X25 PESO

200 200 200

Ab\
0 0

95 110 105 100 95

0
110 105 100 95 110
Binding Energy/eV

Binding Energy/eV

HAXPES Cr-Ko @ 5414.9 eV

1 00
Binding Energy/eV

Angle Resolved HAXPES
0=0° 0=160°
X-rays Variable
take Oﬂ: angle 5300.9 5305.9 5310.9 5315.9 5300.9 5305.9 5310.9 5315.9
1000 ——x1 PE200 1000 —— x1PE200
. — x5 PE100 . — s P00
g sof  Sit sk | soop  Sit asreso
‘E 600 600
2 0
£ a0 400 Si
200 200
. 0 0
Incident angle 110 105 100 95 110 105 100 95
Binding Energy/eV Binding Energy/eV
electrons electrons

At 0=160°,
the peak due to outermost SiO,
became more dominant
with respect to that of buried Si.

X-rays

v
d
Py

d=3\cos ©

Future Plan

® Applications of the in-house AR-HAXPES to a wide
range of battery materials.

® Analyses of solid electrolyte interfaces on lithium
negative electrodes for Li-ion batteries and oxide films
on magnesium negative electrodes for Mg-ion
batteries.
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In Situ Observations of Electrochemical Processes
in Polymer Electrolyte Membrane Fuel Cells
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Polymer Electrolyte Membrane Fuel Cell
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T. Masuda, H. Fukumitsu, T. Kondo, H. Naohara, K. Tamura, O. Sakata, K. Uosaki,
J. Phys. Chem. C, 2013, 117, 12168-12171.

Electrochemical Properties of Pt(111) Electrodes
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T. Masuda, K. lkeda, K. Uosaki, Langmuir, 2013, 29, 2420-2426.

Conclusions
PFSI adsorbed on both the gold and platinum surfaces in the double layer region.

1

0200 400 600 800 7000

e The adsorbed amount of PFSI increased at the gold surface as the potential was made more positive in the double layer region.

Not much potential dependence was observed at the platinum surface in the double layer region.
PFSI desorbed from the both surfaces when the potential was made more positive to form the surface oxides.
Once the oxides were reduced, PFSI re-adsorbed on the surfaces.

The desorption of PFSI upon formation of the oxide was confirmed by surface X-ray scattering (SXS) in an MEA-

like configuration.

T. Masuda, S. Faridah, P. Singh, H. Naohara, K. Uosaki, J. Phys. Chem. C, 2013, 117, 15704-15709.
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Synthesis of garnet-type solid electrolyte

under ultra-high-pressure

‘ Key Words: Ultra-high-pressure synthesis, Garnet-type solid electrolyte

All-solid lithium ion batteries use nonflammable solid electrolytes, offering superior safety

: and capacity. Therefore, they attract attention as next-generation battery for electric

Laiigele Vil \chicles as well as mobile terminals. Currently, the oxide-based and sulfide-based materials
are studied as solid electrolyte. Compared to the sulfides, the oxide materials are chemically
stable and easy to handle, while the ionic conductance is poor, especially at interfaces.

Ensuring high ionic conductance requires development of sufficient inter-grain network with
high-quality interface. Such oxide ceramics are typically fabricated via high-temperature
sintering, which leads to formation of resistive layer between the solid electrolyte and electrode
in co-sintering process. In order to obtain high performance garnet-type solid electrolyte, we are
investigating the fabrication conditions and rout under ultra-high-pressure (UHP).

v Strategy 1. Simple-method 2. Sandwich-method
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'Z'ac()"::?3)3c'.T‘f(°Et.)é 2 Lithiation
rOCl,, Citric aci Pyrochlore by UHP Garnet
and Ethylene glycol
La.zr, .T: (LLZT = LigsLa
La:Zr:Ta (LasZr15Ta05075) +Li,0 Zr Ta .0, 5) ¥ Photograph of the pellet (1) and (2) after UHP
=3:1.5:05 2 g~
/ -
UHP conditions —_2
Pressure ; 5.5GPa — LLZT
Heating ; 1000°C/12.5min ’
Holding ; 1000°C 60min — 13?286(108[))
. . gu Cooling ; 1000°C/12.5min = M
v Lithiation by UHP E
@
=
1. Simple-method 2. Sandwich-method £
v Au capsule
‘ v Pyrochlore (O
v Li,0
Pyrochlore : Li = - - . - > J
=1:52 . 10 20 30 40 50 60
Pyrochlore : Li 20 /degree,CuKa
=1:52+a XRD pattern of the pellet (1) and (2) after UHP
-39 °1
Capsule ®2
-1.0x10° °1
1 Ea=0.051(eV)
°2
E "“‘—‘x'm
Graphite £ -5
heater =] ©
g (%)
B s y=-2.136x+ 1.953
5 -5.0x10* - » -6 Ea = 0.424 (eV
g 0=6.55%10% (25°C) < a=0424(e
Pressure medium N K KB T =74
a% s 2
Ultra-high-pressure cell oo 0=1.87x10° ,(25°C)"\¢/"#
Ultra-high-pressure device -8 r T T T T T ]
0ot P oo 28 30 32 34 36 38 40 42
lllustration of fabrication of the pellet by UHP Real@)/Q 1000/T(K™Y)

Impedance plots at 25 C and Arrhenius plots for the pellet (1) and (2) after UHP

Future Plan

® Improvement of ion conductivity.

Conclusion

® Although excess Li,O remained, garnet phase was

obtained a single phase.
® Synthesis of garnet-type solid electrolyte using Li,O

® Impedance plots and Arrhenius plots of the pellet (1) less than this work

will probably show electron conductivity. o ) N ]
® Fabrication of composite positive electrode using

® Blackening of pellet could be prevented by LiCoO, and garnet-type electrolyte by UHP.

sandwiching the powder with Li,O.
All Solid State Battery Specially Promoted Research Team, GREEN

Yusuke Matsuki, Shogo Miyoshi, Kazunori Takada E-mail : MATSUKI.Yusuke@nims.go.jp
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In-situ TEM specimen holders

for environment and energy materials

‘ Key Words: Transmission electron microscopy, in-situ observation, specimen holder

Transmission electron microscopy (TEM) is one of most indispensable tools to characterize
nanomaterials with atomic scale. Furthermore, recently control techniques of TEM
|Pslecejelbleste)s® Observation environments have been highly required to understand material structures and
phenomena during materials’ actual uses. We can observe materials under various
environments such as at high/low temperature, in gas/phases, biasing and so on.

In this research, we used TEM specimen holders to control observation environments,
Theme because specimen holders are independent from a microscope leading to easier development

under and modification of the holders. We developed a light irradiation specimen holder system for
' ' solar cells and photocatalysts, and gas environment heating holder for catalytic materials to
observe their structures and phenomena under working conditions.

Light irradiation Gas environment & heating

Light irradiation specimen holder system

Gas environment & heating specimen holder system
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J. Xing et al, Appl. Phys. Lett. 104 (2014) 163105.
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Conclusion Future Plan

® \We developed a light irradiation specimen holder ®\We plan to do in-situ EELS (electron energy loss
system for in-situ TEM holography of solar cells and spectroscopy) analysis for characterization as well as
photocatalytic materials. holography and observation.

® \We developed a gas environment heating specimen ® \We plan to apply the developed specimen holder
holder system for in-situ TEM observation of catalytic systems to various materials.
materials.

Environmental Microscopy Group, GREEN, NIMS Ayako Hashimoto

E-mail: HASHIMOTO.Ayakoa@nims.go.jp
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Brief summary Introduction

lon gels, composed of polymer networks filled by ionic liquids (ILs), are
promising soft solid electrolytes for wearable/flexible electronic devices. In
this context, the introduction of a self-healing function would significantly
improve the long-term durability of ion gels subject to mechanical loading.
Nevertheless, compared to hydrogels and organogels, the self-healing of
ion gels has hardly been investigated.

Herein, we present a new class of micellar ion gel that exhibits self-healing
at room temperature. By combining the IL and the diblock copolymer, 5 “STS\cﬂnz,

Room Temp.
No stimuli

® Hydrogen bond 3;1:: micellar ion gels were prepared in which the IL phobic blocks form a TN
.‘: :3i5_50:_°iaf:db°"d Sef e T jammed micelle core, whereas coronal chains interact with each other via O\ A
lonic liquids € . . Ve T = o a
4 3% I multiple hydrogen bonds. Hydrogen bonds between the coronal chains IL:phobie; HydrogniBonding S SN
. . - - - . oc| ocl
N e | I the IL en_dow the ion gel with a high level of mgchanlcal strength as PS-b-P(DMAAM-r-AAC) [C,mim]INTS,]
Hoaling fime (min) well as rapid self-healing at room temperature without the need for any
Room temperature self-healable || external stimuli such as light or elevated temperatures. Figure. (a) Schematic llustration and (b) chemical structures
ion gel electrolytes are developed | Ref. R. Tamate et al., Adv. Mater. 2018, 30, 1802792. of self-healing micellar fon gel.

Polymer synthesis and characterization

Viscoelastic properties of the ion gel electrolytes
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2 The degree of polymerization of PS (NPS) and the polydispersity index (PDI) of the 10 102 103

Te it °C;
polymers calculated by GPC. ®) The degrees of polymerization of PDMAAM (Nppyaam) and emperature (iC)

PAAC (Npaac), @s well as the copolymerization ratio of DMAAmM and AAc ([DMAAm]:[AAc])
determined from 'H NMR.

%
Figure. (a, b, c) tTS master curves for G' and G" for 30wt% SDA (a), DA (b) and SD (c) ion gels at y};(1°)&. The reference
temperature is 40 °C. (d) Temperature dependence of G'and G" for SDA, DA, and SD ion gels cooled at 1 °C/min with y =
1% and @ = 1 rad/s. (e) Shape changes in cylindrical SDA (left) and DA (right) ion gels at room temperature. (f) Strain sweep
measurements for SDA ion gel at = 1 rad/s at 30 °C (black) and 100 °C (red).

SDA ion gel showed good self-standing ability and high strain resistance

Characterization of the ion gel structure

a
SAXS profile AFM phase image

101 Self-healing behaviors of the SDA ion gel electrolytes
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Wavenumber (cm-!) Temperature (°C) Figure. (a) Photographs of self-healing behavior of the disk-shaped 30 wt% SDA ion gel at room temperature. (b) Tensile

stress—strain curves for pristine and healed ion gel samples after different healing times. (c) Relationship between healing
time and fracture energy of ion gel. The solid line indicates the fracture energy of the pristine sample. (d) Schematic
illustration for the self-healing tests of electrochemical properties. (e) Cyclic voltammogram (CV) curves of pristine and
healed ion gels obtained at a scan rate of 1,000 mV/s. (f) Capacitance values calculated from CV measurements at different
scan rates.

Fast self-healing of SDA ion gel was achieved at room temperature

Figure. (a) SAXS pattern for the 30 wt% SDA diblock copolymer in [C,mim][NTf,] at room
temperature. The solid line corresponds to the fit to the data according to the Percus-
Yevick hard-sphere model. (b) AFM phase image of 30 wt% SDA ion gel. The scale bar
indicates 500 nm. (c) FT-IR-ATR spectra for the 30 wt% SDA and SD ion gels. (d) TGA
thermogram for 30 wt% SDA ion gel. The measurement was conducted under nitrogen
atmosphere at a heating rate of 10 °C/min.

Conclusion

-Room temperature self-healable ion gel electrolytes with high mechanical integrity was fabricated by exploiting multiple intermicellar
hydrogen bonding and jammed micelle structure in ionic liquids.

-Unique features such as i) excellent mechanical and electrochemical properties, ii) good self-standing ability, iii) fast self-healing at room
temperature, and iv) solution processability, make the ion gel a promising solid electrolyte for future applications in the field of flexible electronics.
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Fundamental study of electrodeposition and

electrochemical dissolution of Li metal

keywords:Li negative electrode, dendrite formation, nucleation and growth

In order to establish the environmental- friendly energy system, it is indispensable to
develop high-energy-density secondary batteries. In this study, we focus on the Li
metal electrode for next-generation anode for the batteries. We would like to
understand the mechanism of electrodeposition and dissolution of Li metal.

Introduction

In this study, we used ultra-micro-electrodes(UMEs) in order to discuss the

morphological variation of electrodeposited Li metal in various conditions.

The electrodeposited Li metal was observed by SEM-EDS and FIB-SEM(3D observation).
* NIMS Battery Research Platform assisted the research,

Theme
under

1600 sec 2500 sec 3600 sec FIB-condition

Time transition of electrodeposited Li metal (1M LiPF; EC:DEC=1:1, 2mA/cm?) e el + In order to minimize the damage, the
B [ temperature was kept -150 C

- Every 30nm etching, SEM images
were recorded

500 sec " 900 sec Focused Ion. l i
[ LiTFSA EC:DEC(=1:1), 2 mA/cm?] LiFSA EC:DEC(=1:1), 2 mA/cm? Beam (Ga)
A = = Deposntec‘— Deposit 4— Depo 4—
ﬁﬁ Is gOOd Li salt for SEM Li metal Li meta Lime

smooth deposition

¥

LiPFg induces HF in the electrolyte.
It enhances LiF rich SEI

bservation

Every 800 ’ ’ ’ ’ ’

3D |mage of L| was constructed

EC is better solvent than PC from
the viewpoint of the morphology.

Y Low Li* concentration ANERNE ! LA z
#d enhances non-uniform | vy o i DIrectlon / ,',
deposition Tt 3 s ol

Cross-sectional image of the electrodeposited Li metal

At the surface of the substrate,
many Li nuclei were formed.

14,400 sec (4hour) 1600 sec 360 sec

(1.0M LiPF, EC:PC =1:1 0.5 mA/em?) (1.0M LiPF, EC:PC =1:1 § mA/emd  LOM LiPF, EC:PC =1:1 20 mA/em? These nuclei competed for growth,
Applied current density is also important parameter as a result, column-shaped Li metal was electrodeposited.

Conclusion Future Plan

® L electrodeposition onto UME ® Many kinds of electrolytes (concentrated and IIs)

® LiPF6 salt is good salt for smooth morphology. ® Model of transition from nucleation to growth

® EC is better solvent than PC. ® Analysis of surface SEI layer (TEM-EELS)

® Too large current density may induce the ® Li metal negative electrode for all-solid-state
dendrite growth. batteries, Li-S, Li-air batteries.

Metal Negative Electrode Group Kei NISHIKAWA

E-mail: NISHIKAWA.Kei@nims.go.j
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In-situ spectroscopic studies of the

electrode interface structure using light

For the purpose of constructing environment and energy materials, we created
an environmental field, where the function of materials appears during the
measurements. We develop “in situ” measurement technologies to analyze in
atomic and molecular level aim to elucidate the surface/interface phenomena.

Introduction

Investigate the interfacial Investigate the electrode

electronic state of electrocatalysis surface reaction

Monitoring electronic state of electrocatalysis by using double resonance Monitoring fuel cell reaction intermediate species by surface
sum frequency generation spectroscopy (DR-SFG) enhanced infrared spectroscopy (SEIRAS)

DR-SFG Information on the electronic structure at the Oxygen Reduction Reaction (ORR) —

SF light . . P P
requency tunable VIS Surfai;n?cnna«ion solid / liquid interface is important to understand

Fi . . . .
; A reaction in which H,0O, is generated b
Frobe siecronic strugure the mechanism of electrocatalytic activity 272 9 Yoo

reduction with two electrons and a reaction in
which H,0 is generated by reduction with four
electrons have been proposed. T

Frequency tunable IR
Probe molecular structure

Possible first steps in the ORR

frequency tunable s=1 1. Splitting of the 0-O bond upon adsorption on 2 Pt sites @
- T T o 014285 — O*0* . - o “ .- —_ —
“‘W‘" Tv9=9-1 —* :0:0- pKa=48 H:0: 0
_— 2. Formation of the superoxide anion (0, ©,7) { (HO,)
‘”‘%i \ folecul up Perhydroxyl
v=0 0428 +¢ — Or Oxygen Anion Radical Radical
m‘ . 3. Simultaneous electron and proton transfer
© DR-SFG: Information about both
molecules and electronic state. 07 +28+(H +¢) — HO»
SEIRAS Detecting intermediate species
Relationship between incident wavelength of Estimated electronic structure 1 0|v0.001‘ sty 0400
DR-SFG intensity and electrode potential E
Visible: 635 nm 590 nm o -
& = 2
sal c L 2]
5% ez 2
5 500 e < 1
; x 2 g Action site: Catalyst on Au/ Ti/ ZnSe prism ] |
€ Do S Counter pole: Pt foil i
= - Reference electrode: RHE 0.95V
b Po«innalmvv:ml\g/:gucl(;:? N:gln) Ef —> Sca Electrolyte: 0.1 M HCIO, 10’00 ]1'00 12'00 13'00 1400
Wavenumber / cm™!
DR-SFG of CO adsorbed on the Pt - The resonant potential will change with incident wavelength
electrode in 0.1 M H,SO, - Resonance to the 50, level of CO adsorbed on Pt
Conclusion Future Plan
® We developed a spectroscopic method to measure ® Established the techniques that can be measured “in
and analyze the information on the electronic state of situ" where electrode reactions proceed will be
the interface, which is thought to greatly affect the expected to further advance the detailed
activity of the electrode catalyst. understanding of academic reaction mechanisms.
® \We developed a measurement technology capable of @ |t is now possible to provide guidelines for developing
detecting reactive intermediate species which is innovative catalysts for storage batteries and fuel cells.

important for understanding electrocatalytic reaction.

Nanointerface laser spectroscopy group GREEN leader Hidenori Noguchi

E-mail: NOGUCHI.Hidenori@nims.go.jp
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Enhancing Catalytic Performance of Metal Honeycomb

Catalysts for Hydrogen Production by Surface Alloying

‘ Key Words: Honeycomb catalysts, Methane steam reforming, Surface allying

Developing high-performance and low-cost catalysts for hydrogen production is important for
automobile and household fuel cells. Metallic honeycomb catalysts have several advantages
Jlslsgeleibtestels® compared with pelleted catalysts, such as, low pressure drop, fast heat and mass transport. We
aim to develop Ni-based alloy honeycomb catalysts for on-site and small-scale hydrogen
production system, in order to realize high-efficient and low-cost hydrogen production.

We have developed Pure Ni honeycomb catalysts for methane steam reforming (MSR)
without using noble metals and porous oxide supports. In order to pursue higher performance
under of Ni honeycomb catalyst at low temperatures, we assemble Ni honeycomb catalysts with

‘ further higher cell density, and improve their catalytic properties for MSR by surface
alloying.

Assembling & surface alloying Activity enhancement by surface alloying

Theme

> High cell density honeycomb was assembled using thin Ni foil. > Methane conversion of Ni honeycomb after hydrogen reduction at
Surface alloying was performed using impregnation method. V:;;m“s temperatures
(a) Calcination Re oxides J: ----- Equiliium conversion Reaction condition:
Surface alloying 22000 00 N0 808, —o——0—g—g—n—o o NiSRe10] CH,: 10 mL(STP)/min
; ; SRS S "—a o H,O: 13.6 mL(STP)/min
by |mpreglnat|o.n 5 oop, NiRe sufacBaloyjng I-\MOReZ_ S/C-136
method with Ni _ Ni(Re)+Re g e, =-NjsRe0.5 SV=6400 h-!
and Re nitrates ~ (b) Reduction 2 olm . -
H R R T e L

E——) ’ 7 S e NG MSR:

LB o S " CH, + H,0 = 3H, + CO

: V_Mfo‘i_l‘_'_ Nihoeycom® Water gas shift reaction (WGS):
0 CO +H,0=C0, +H,

0 5 10 15 20

(c) Reaction — Time on stream (h)
MSR The activity significantly increased with Ni-Re surface alloying.

The CH, conversion was close to the chemical reaction equilibrium even at

Ni-Re alloy layer ; .
a high space velocity of 6500 h-'.

* Parameters of assembled Ni
» In situ XAFS analysis of NiRe surface alloy during hydrogen reduction
honeycomb N N
i i 5Re10
Number of turns: 6 F on of Ni—Re all (@ 4 min . or redtution st 2956 ® '
; ormation of Ni-Re allo 3 =] T pio-re,
Surface area: 43.8 cm . v s s mo
. nanoparticles on the surface > z
Volume: 0.5 cm of honeycomb £ £ -
Cell height: 0.4 mm = 3 6 min
Cell spacing: 1 mm E £ et
Cell density: 2300 cpsi
BET surface area: 0.02 mZ/g w0 w360 8400 8440 ) %60 3400 8440
Photon energy (eV) Photon energy (eV)

* NiRe alloy phase is formed on the surface of honeycomb after calcination
and hydrogen reduction.

* Re significantly promoted the reduction of NiO to metallic Ni, enhancing the
activity of honeycomb catalysts for MSR.

Future Plan

® Examine the stability of catalytic activity of the surface
alloyed Ni honeycomb.

Conclusion

® Ni honeycomb catalysts with a high cell density of
2300 cpsi were assembled.

@ Surface Ni-Re alloying significantly enhanced
catalytic activity of the honeycomb catalysts for
methane steam reforming.

® Application of the develped honeycomb catalysts to
small-scale hydrogen production system.

Hydrogen Production Materials Group, GREEN Ya Xu

E-mail: XU.Ya@nims.go.jp
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Hydrogen Production

Materials Group

H. Abe J. Kim

Y. Xu

C. Nishimura

Key Words: Hydrogen, Purification, Reforming, Catalysts, Electrolysis membrane

We have been pushing forward with “Hydrogen Society” and we are at the entrance of the
society. However, there are many issues that remain to be solved. One of them is the high
IlsRelaibteste)s® cost of producing hydrogen. Hydrogen Production Materials Group focuses particularly
upon the key materials of hydrogen producing devices, in order to realize the price reduction
and to offer technical advantages.

Material design, device design, and long-term durability to realize a hydrogen society
* Reforming catalysts for hydrogen production

* Alloy membranes for hydrogen purification

e Hybrid membranes for hydrogen production and use

Research topics

Reforming Catalysts Alloy Membranes for Hydrogen Extraction
Chikashi Nishimura
Ya Xu Development of membranes based on vanadium alloys

to produce highly pure hydrogen for PEFC. We try to
apply our membranes for extraction of hydrogen gas
from ammonia decomposed gas at 300-350°C.

Development of Ni-based alloy and intermetallic
catalysts for hydrogen production from steam
reforming of methane and methanol.

Structural = Microstructure & High catalytic P () ation @
catalyst surface control performance "“ i R o
o0, A o Z::l:ggehsteam refor:ni—ng_ — o G,'%D }" H4H H Gy 1}1:)
¢ L o G @ i y
X e H HIH H H]
g b P4 ° ‘35') ﬁtﬂ Recombination
L /'/ o0 % ol g8
g o W ¢ P Hydrogen extraction device
zw e equipped with quadruple-layered
Ni honeycomt 13 . .
P s s N coming, Scheme of vanadium alloy membrane to  vanadium alloy membranes with
700 800 900 1000 1100 1200 . .
Temperature (K) extract pure hydrogen from gas mixture. the area of 64 cm3. Permeation

flow of 0.56m?/hr. is achieved.

Hideki Abe Hybrid Membranes for Electrolysis

Jedeok Kim

R&D of temperature tolerant hybrid membrane with
controlled high proton conducting path for water
electrolysis and fuel cells.

R&D of phase-separated alloy catalysts for the
high-throughput production of hydrogen fuels
from CH, and CO,.

4 O

1
Renewable E. Electrolyser Fuel Cell Clean Energy W
) Hr
co, g ° 1% W
. - og) €154 F \@ i
s P ti
Ug | =2=
g  Alloy Catalyst ol —
Carbon 8 * Ni @
O hydrides LI; 5. L H, it ® ® o0 o
2 —_———
o4
T T T T T T Production & Storage Use —_—N——
0 10 20 30 40 50 - W
< . Duration (min) —_—e— e
Alloy Catalysts . . .
Water electrolysis, fuel cell works, and Design of controlled high
application. H* conducting path

Center for Green Research on Energy and Environmental Materials, Chikashi Nishimura

E-mail: Nishimura.Chikashi@nims.go.jp
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Topologically Immobilized Catalysis Centre for Low-

temperature H, Production from Natural Gas

FIER EB ms.caos—maksmases i —7
HEREHEESIFY EEAEE

[Eie
BiiT%En

Keywords

HMROHELN

Purpose

HROER

Points

Development of high-performance,

A topology-tailored catalyst, i.e.,
developed to realize the desired long-term stable, highly efficient conversions of natural
gas below the operation temperature of conventional supported catalysts.

Catalyti rf i f th -
Catalytic performance of the rooted catalyst: Ni#Y,0, to":nzlzg;; o;;er‘";;r:\c-;xance emerging from fthe nano

‘rooted catalyst:

GHG Emissions

Fischer-
Tropsch
Process
200~300°C
mol

Chemical
Products

2 NiiERihs

800°C< W‘

co,

CH, co,

Natural Gas Fossil fuel

The current (left) and future (right) managements of the natural gas
resource toward the efficient and environment-friendly production of
valuable chemicals.

60

50+

L NilY,0, Ni#Y,0,
20 hrs 1300 hrs .

~' -".*( S0

30i
20
Ni#Y,0,

10 F
450 °C; CHA:COZ:Ar = 1:1:98 mLmin-!
0

CH, & CO, Conversions (%)

100 1000

Tlme on Stream (h™)

Conv. Conv. Consumptlon COnsumptlun Formation Formation .
ratio
1%] %] [mmol h-'] [mmol h-1] [mmol h] | [mmol h1]
12.3

N|IMg0 318 209

1.7 17.9

156 204 43 56 73 9.7 0.8

Pd/AL,0, 21.2 24.2 58 6.7 104 12.1 0.9

Rh/ALO3 26.5 342 7.2 9.3 125 16.5 0.8
550 °C; CH,:CO,:N, = 10:10:5 mLmin-!

The catalytic performance of the developed, rooted catalyst in
comparison to the conventional supported catalysts toward the CO,
reforming of CH, to produce H, and CO from natural gas.

Application and Future Development

> Efficient production of synthesis gas (H, + CO) from natural gas
2> Production of valuable chemicals such as ethene and/or ethane
from natural gas

nano tech 2019

Abe.hideki@nims.go.jp

technology-transfer@nims.go.jp

Hydrogen, Catalyst, Topology

long-lifetime catalysts is highly desired to produce
value-added chemicals such as H, and CO from natural gas to meet the demands of
expanding markets of unconventional natural-gas resources.

Ni#Y,05", has been successfully

The nano-scale topology of the rooted catalyst. a) the outlook, b,c)
the cross-section and d) high-resolution images of one of the
Ni#Y,0, catalyst particles.

d : CNT
ur v Mam
LR 75 7 R X (4]

a) transmission electron microscope (TEM) image, b,c) in-situ TEM
snapshots of supported Ni/Al,O, catalyst after use. d) A model

showing how the nano-topology can inhibit the unwanted

accumulation of byproducts, CNT (carbon nanotubes).

Issues of Technology Transfer

> Needs to scale up the catalyst production (current: ~ 10 g/day)
2> Needs to get incorporated in pilot plants
2> Wants to collaborate with industries toward commercialization

EumEmsE A MR PR AE

NIMS/" National Institute for Materials Science
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Interfacial Energy Conversion Group

Center for Green Research on Energy and
Environmental Materials (Greater GREEN)

‘ Key Words: Electrocatalyst, Photovoltaic solar cell, In-situ measurements

We are carrying out fundamental studies on the methods to construct functional phases by
the assembly of atoms, molecules, nanoclusters and cells mainly at solid/liquid interfaces
for interfacial energy conversion processes such as electrocatalysis and
photoelectrochemistry.

Introduction

To carry out fundamental study, single crystal surfaces of metals and semiconductors are

What we used as substrates and electrochemical atomic layer epitaxy (ECALE), self-assembly (SA)
are doing? and layer-by-layer methods are used to construct the functionalized material layers.
Hidenori Noguchi, Ken Sakaushi Masatoshi Yanagida, Yasuhiro Shirai
Electrocatalysts Solar energy conversion
) 0.5M H.80,4 0mvis Energy Storage Mechanism (Battery) Charge transport layer & Interface Material & device developments
- ) —_— Development of charge transport layer  Developing materials and device
4 pU I (CTL) for the long-term stability of fabrication processes that contribute to
al @ perovskite solar cells by characterizing  high efficiency and durability
i BN 5 — b k 0 interface between perovskite and CTL. improvement of perovskite solar cells.
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Explore new catalysts, using computational By combining use of rationally-assembled OH OH OH OH OH g
science and advanced measurements, to mode| materials and DFT-based analysis, new Ni-O-Ni-0-Ni-O-Ni-O-Ni-O™ B oaproiza <
elucidate the energy conversion mechanism and principles to advance energy O-NI-O-NI-O-NI-O-Ni-O-NI Qlﬂg,o ‘;25 050 035 0.40 04; 050 0.5 0.60
design a new catalysts. storage/conversion mechanisms are -0 0.2 O 40 VA5 058 0.5 0

F, (eV)
investigated.

Hidenori Noguchi

In situ characterization

RE Potentiostat

Appling in-situ characterization methods for the
surface and interface while controlling various
environmental fields to understand the basic
mechanism of the environment and energy

materials. Solution
Sample
Ultrafast spectroscopy Sum frequency generation Surface enhanced infrared
spectroscopy spectroscopy
Conclusion Future Plan
® High electrocatlytic activity, proton transport, electron @ Study the mechanism and reaction pathway for high
transfer, and light energy conversion efficiencies were energy conversion efficiencies in each materials by
established by controlling the atomic and molecular measuring the atomic and molecular structures at the
structures in newly designed materials. surface and/or interfaces of each materials.

Interfacial Energy Conversion Group, GREATER GREEN, Hidenori Noguchi

E-mail: NOGUCHI.Hidenori@nims.go.jp
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Interface Computational Science Group

Key Words: first-principles calculation, informatics, electrochemistry, batteries & catalysts

Introduction

Theme

under
Discussio

DFT-MD study on battery interfaces

Formation mechanism of organic SEI (Solid Electrolyte Interphase) film
DFT-MD modeling of “graphite electrode + SFC aggregate+ EC solvent”

fect E)
(LiXC6). (EDC)

Adhesive energy (in kcal/mol) per SFC unit.

Sinele STC f;g(;cgm ¥, X + Adhesion of SEL is less probable
Li,EDC(EC) +10.6 4 ; S ; + SEI ﬁlm§ W/ and.w/o the additive are both
Li,DOB(VC) +4.2 455 g i electronic insulating.
‘ New mechanism: Near-shore aggregation mechanism ‘

Negativé' SFE
Electrode el

SFC formation - Diffusion - Aggregation at near-shore - Coalescence

Characteristics of superconcentrated electrolyte

Solvation structure Stability against reduction Li-ion diffusion

High concentration (HC)

PDOS

7 MSD
B s § 0 R
) MSD

CH,CN(AN)

'5
Zz
2
Z
PDOS

D(Li) 19.1E-06  D(Li) 241E-06

D(FSA) 1LIE-06  D(FSA) 2.02E-06

Characteristic
solvation
structure

" Characteristic
HC LiTFSA/Glyme(G4): 0.126 ~ diffusion process

CF; decomposition
from TFSA anion

Conclusio

® Efficient DFT-MD code for the K computer was developed.

® Microscopic mechanisms of battery interfaces &
electrolytes were revealed.

® Interfaces of solar cells & catalysts were elucidated.

® Proposed descriptors are predictive for various properties.

Electrolyte, electrode and their interfaces play essential roles for the performance of the
(electro)catalysts, the energy storage and conversion devices such as batteries & solar cells.
Understanding of the microscopic properties and behaviors is a key for design of new
materials systems. We have addressed these issues by using large(multi)-scale first-principles
simulations as well as machine learning techniques with high-throughput computations.

We have developed density functional theory based molecular dynamics (DFT-MD) code for
efficient sampling of the phase space and machine learning techniques for high throughput
search. With these machineries, we have examined a variety of systems and issues relevant to
batteries, catalysts and solar cells, and proposed meaningful insights.

Development of codes and methods

Development of parallel DFT-MD sampling code “stat-CPMD”
Performance on the K computer

+ Hybrid parallelization (MPI+OMP)

+ Parallel thermodynamic integration

+ Efficient parallel sampling

+ Efficient use of the K computer

: #nodes SIMD
S/

/P forthe ratio (%)
efficiency

stat-CPMD 282 1536

= - RSDFT 292 1024
(Gordon-bell prize)
Target 20%

DFT study on perovskite solar cells

Perovskite solar cells (PSC)

Pbl-rich flat
(PDly) (MAPbI),

60%

stable vacant

(MAPbI3),

€«
+ First comprehensive DFT study on PSC surfaces:
Two stable states: Stable Vacant & Pbl,-rich flat

+ First DFT study of suggesting cation migration:
Crucial for degradation

Materials informatics for batteries

+ predictive power confirmed
on a thousand scale dataset.

Development of descriptors for crystalline solids

“Crystal structure identity”
Voronol feature (eg., face area)

e
Xvoronoi feature

“Chemical identity”
Electronegativity (EN) scale
Mg o 205 23w

—

L Sw o Number of t

Material Property
(Machine model formulation)

ecomposition energy

H
+new descriptors based from Voronoi §
features and atomic property data.

o W %0 o0 CIEC)

Number of t

® Establishment of DFT electrochemistry theory for interface

® Design of new systems for batteries, solar cells, and
catalysts

® Deployment of proposed descriptors towards large-scale
battery material screening with multiple property criteria.

Interface Computational Science Group, GREEN Yoshitaka Tateyama, Randy Jalem

E-mail: TATEYAMA.Yoshitaka@nims.go.jp, JALEM.Randy@nims.go.jp






