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Working principle of solid oxide cells (SOC)

Electrolysis cell: SOEC

Tt O, [
g , ’ { SCRIT X 1 e Oxygen
* 0p,.:dense, large grains Anode ©i D . | J
> YSZ,GDC XN | | electrode
L] ——— | Electrolyte
et
* Porosit ‘y“ ),.. le' - Hydrogen
y Cathode 200006 I 4
* Percolation o,, + 0, I electrode
*  Chem. stability (S, C) l t EEE—
> YSZ/ GDC +30 % Ni H, H)O
H,0 + 2e™ - H, + 30,
4 _ Triple-phase SOFC
boundary (TPB) 102 + V) + 2e —
2 SOEC

S.B. Adler, Chem. Rev., 104 (2004) 4791

SOFC: oxygen reduction reaction (ORR)

**‘W SOEC: oxygen evolution reaction (OER)

Fuel cell: SOFC

N =

ILEPMI

Grenoble - Chambéry

0, electrode characteristics

g o
* Electrocatalytic activity
*  Porosity

* 0. (+0p,)
*  Chem. stability
*  Mechanical stability

20, + Hy > H,0 + 2e”

Oxygen electrode materials:
Electronic conductors
Mixed ionic + electronic conductors (MIEC)
Composites

Operation condition:
650 °C<< T <1000 °C
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One bottleneck of SOC — oxygen electrode

Exemplary SOFC polarization curve

f— — — — — — — — — ————— —

E°, Standard cell potential = 1.23 V
—-«—— Nernst potential @

Rapid drop, activation losses @

Linear drop,
@ ohmic losses

Concentration losses at
high current densities

| I | |

0 0.25 0.50 0.75 1.00 1.25

Current Density (A/cm?)
Aziz, Int. Conf. New Trends Sustain. Energy (2016), 228

T-related incovenciences

Elevated startup times
Continuous energy demand
Degradation promoted

+* Reduced reaction kinetics 1
+* Increased activation energy 2'

Usorc(j) = Uy —

EIS: decreasing w

Model for area-specific polarization resistance
(porous, single-phase MIEC)

s

S.B. Adler, J. Electrochem. Soc., 143 (1996) 3554-3564

Nonm (J) — X Nactivation polariz. —

Q
@ Nohm = [ X (Relectrolyte + Rcontact) - Ojon & eXp( kBT)

| @ Processes in active layer: reaction kinetics + activation energies

e o o o o o e e e e e e e e e e e e e e - ——

@ Availability of oxygen species (depletion, accumulation)

Microstructure

Oxygen transport

Thermodynamics

|LePI\/II
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Z Nconcentration polariz.

Thermal
activation

T : Tortuosity
€ : Porosity
a : Specific surface area (m™)

D, : Oxygen self-diffusion
coeff. (m?s)

k, : Oxygen self-surface
exchange coeff. (m/s)

¢, : concentration of oxygen
lattice sites in equilibrium
(mol/m?3)

v Electrolyte ohmic losses : doping + thin dimensions
» Oxygen electrode overpotentials :

Choice of electrode materials (intrinsic properties)
Modification of microstructure/ architecture

Influence of architecture for nanostructured Pr,0,, and GDC composite oxygen electrodes



Alternative oxygen electrode materials

ILEPMI

Grenoble - Chambéry

Research towards stable, performant SOC materials

La, Sr,MnO; (ABO,)

* 0, =200Scm?,800°C

Y Takeda, Int. J. Electrochem. Soc.,

134 (1987), 2656

o Doping of La%* with Sr?*:

o Transition metals: mixed

26/05/2023

Cubic Perovskite

oxygen vacancies

valency, o,.

/

-
La, ,Sr.Co, Fe,O; ; (ABO;)
Oc. 6428 = 300 S cm™, 650°C

L.W. Tai, Solid State lon., 76 (1995), 273
— -1 o
Gion, 6428 = 0-007 S cm, 650°C

B. Fan, Solid State Sci., 13 (2011), 1835 Y,

Ruddlesden-Popper (n=1)

AQ layer [

ABO.

N A:rare earth

B: transition metal

o Vacancy mechanism in c-direction

o Insterstitials in ab-plane — T-activated

Influence of architecture for nanostructured Pr,0,, and GDC composite oxygen electrodes
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Isotropic transport
properties Université de Bordeaux; 3 Skinner, Solid State lon., 135 (2000), 709; * Boehm, Solid
State lon., 176 (2005), 2717; ® Nicollet, Int. J. Hydrog. Energy, 41 (2016), 15538

Ln,NiO 5 (Ap11B103041) O Prs0:,(A0,) h
La/Pr: stability/ electrocatalytic prop. Transition of Pr,0, to PrO,
o, =40-110 S cm'1, 700 °C PrO, with x = 1.833 (PrO,)
E. Boehm, Solid State lon., 176 (2005), 2717 - mixed valency Pr3+/Pr#+
Decomposition under current 0..<4S/cm
(Pr,Ni;0,q.5, Pr;0;., PrgO4,) g C Nicollet, Int. J. Hydrog. Energy, 41 (2016), 15538j
V. Vibhu, J. Energy Chem., 46 (2020), 62-70
N.I. Khamidy, J. Power Sources, 450 (2020), 227724 /
Cubic Fluorite
Material D* (cm?s) k* (cm/s)
LSM 1 5.0x 1078 1.0 x 10712
= 900 °C
LSCF 2 7.0 x 1077 5.0x 1078
LNO 3 1.0 x 107° 1.5x 1078
PNO * 5.0 x 1077 2.5x 1078 — 600 °C
Pr.O,,° 3.4 %1078 5.4 x 1077

—

1 De Souza, Solid State lon., 106 (1998), 175; 2 Audinot, (1999) PhD Thesis,

Traditionally SOC via screen-printing, tape casting, ...
» What is the effect of reduced grain/ particle sizes?



Generation of microstructured deposits

Electrostatic Spray Deposition (ESD)

Electrolyte

0-20 kV

LNO

» Ambient atmosphere

Agueous/ alcoholic solutions of nitrates

26/05/2023

Ganan-Calvo (initial droplet size)

d. o pEQ° %
slze 7/0_

Surface tension, y(N/m)
Electrical conductivity, o(S/m)
Solution density, g (g/cm?)

Solution flow rate, @ (ml/h)
Gafian-Calvo, J. Aerosol Sci., 28 (1997), 249

€.8. Oeon, 1.5 muynt 3-8 UM

» Microstructures with different
textures, porosities, particle size

|LePI\/II
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Factors on droplet size
1) Initial droplet size - physicochemical properties
of precursor solutions:
e Solvent> T,y
*  Concentration - o, y
*  Amount of solution - Q

2) Final droplet size - deposition parameters:

. Conditions during flight > T, d, t
. Amount of solution - Q

» Complex interplay of factors

Influence of architecture for nanostructured Pr,0,, and GDC composite oxygen electrodes 5
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Study of ESD parameters for manipulation of Pr,O;; morphology =

Preparation of ESD deposits on GDC

i Deposftﬁon time Analysis of morphology
2. Deposition temperature 1. SEM (surface, cross-sections)
3. Nozzle-to-substrate distance 2. TEM, XRD (grain size)

4. Solution flow rate

26/05/2023 Influence of architecture for nanostructured Pr,0,, and GDC composite oxygen electrodes



Effect of deposition time !I— EPMI

Grenoble - Chambéry

Ethanol: Butyl carbitol * (1:2, wt.), 0.02 M
Calcinated for 2 h, 700 °C

D =20 mm, Q= 1.5mL/h, T = 300°C, E = 7.8 kV/ * Diethylene glycol butyl ether

W2 e ™
| | Y ..

Initial droplets: ¢ = 4.8 um

Thin, dense layer with surface morphology
T 200 nm

t=05h

Column formation

T 5um
Dynamic process

-+
]

=

>

Column growth
T 15-20 um

-+
"

w

=

1. Homogeneous microstructural evolution over time
Reticulated initial layer - preferential deposition
3. Film growth dep. on time + microstructure

(no linear realationship)

s

4.......'

26/05/2023 Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes 7



Effect of deposition temperature !I— EPMI

Grenoble - Chambéry

Ethanol: Butyl carbitol * (1:2, wt.), 0.02 M
Calcinated for 2 h, 700 °C
* Diethylene glycol butyl ether

Initial droplets: ¢ = 4.8 um

Okv,t=3h

ey "\

D=20mm, Q=15mL/h, E=7.8-1

4

Columns
Simultaneous spreading
and drying of droplets

Dynamic process

T=300°C

Dense layer with
agglomerates

T=350°C

Ordered process

<lllllllll

1. Particle size 4 forT
2. Grainsize: 40 nm - 20 nm
3. Microstructural evolution: agglomerated particles for higher T

26/05/2023 Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes 8



Effect of nozzle-to-substrate distance !L _§ PMI

Grenoble - Chambéry

.. o Ethanol: Butyl carbitol * (1:2, wt.), 0.02 M
Initial droplets: ¢ = 4.8 um Calcinated for 2 h, 700 °C

Q= 15 ml/h, T=300°C E=7.8kV,t=3h * Diethylene glycol butyl ether

T R e~ TR

Wide columns,
large particles

Dynamic process

o
3

Thin columns,
smaller particles
- reticulation

w IEEEEEEEEEEEEN] N

o
3

®<20nm

Dense layer,
small particles
(no agglomeration yet)

m IEEEEEEEEEEEESR

Ordered process

4......

1. Homogeneous evolution of microstructure
2. Particle size J, forD T
3. Grainsize: 40 nm > <20 nm

26/05/2023 Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes 9




Effect of solution flow rate !I— EPMI

Grenoble - Chambéry

% Ethanol: Butyl carbitol * (1:2, wt.), 0.02 M
pe,Q° )° Calcinated for 2 h, 700 °C
* Diethylene glycol butyl ether

Yo

Column growth
Dynamic process

Q=1.5mL/h

Initial droplets
@=4.8um

Dense layer

Ordered process
Q=0.5mL/h

Initial droplets
p=2.8um

v

1. Particle size ¢ for flow rate {,
2. Grain size similar for different inital droplet sizes
3. Evolution of microstructure to dense layer

26/05/2023 Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes 10



Summary - Influence of ESD parameters !L EPMI

Grenoble - Chambéry

4 _ D
1. Growth of a dense layer 1. Equilibrium of parameters

evaporation

smaller droplet SPr&y liquid layer
el @0 [
dried droplets :

substrate : , '
solid, dense coating -4l

T(°C)

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII* time

R. Neagu, Solid State lonics, 177 (2006), 1981-1984

Plane = constant droplet size
* High T allows high Q and high D
*  Small T limits Dand Q

2. Growth of a porous layer (
Preferential "

—>»
landing effect E
1

2. Short deposition time:

[t SPraY  avaporation ? o -
larger dro Iet @ liquid layer.” | @ @ = Dense, thin initial layer
l‘ > v 3. Longer deposition times:
dried droplets l Development of microstructures
substrate porous film v" High influence on morphology and

solid, dense coating

porosity via deposition parameters

%

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII> time k

26/05/2023 Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes 11



Influence of calcination temperature on crystallite size ||— € P M |

Grenoble - Chambéry

H,0: Butyl carbitol * (1:2, wt.), 0.02 M

» “Core-shell” structure
* Apparent densification (morphology maintained) » Ideally low sintering temperature
Aggregate formation (XRD: 27-65 nm) * Dense interlayer already at low T - CT,, . » Stability? /

~ -

V,

acceleration

=200 kV, 0.19 mm resolution

Particles post-calcination Calcination of ESD deposits Q=1mlL/h, T=300 °C, d =20 mm
. Calcinated for 2 h

Separate T -

. columns 1 FIB-SEM + 3D-reconstruction |

- i T =700 °C (35 um crystals) i

T=600°C i 55A=0-35/# 460 nm |

T=800°C | |

: i T=900°C |

: | ) % SSA=0.12/pum

: = ;

00 -250 nm Denser i 675 hm i

structure 3 i

T=1000 °C

i s i

26/05/2023 Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes 12




Stability of Pr.0,, with GDC and YSZ LEPMI

Grenoble - Chambéry

Sample preparation Pr,O,, (ESD) — GDC

Philips X’Pert-MPD system, Cu Ka radiation, A=1.54056 A

1. PrO,, (ESD, columnar, > 10 um, 35 nm particles) ' ‘ ’ ' ‘ ' ' ' : .
2. Composite pellets (50 % wt.): Pr,0,, and GDC/ YSZ @ o PrgO,, on GDC electrolyte 800 ~C
o]
GDC/ YSZ PreOas
o)
o] 0]
3. Thermal treatment (800 °C or 900 °C, 10 days) | ’L rl*
[k e %,
E N L) | -, N B T II"uL_ ) '-i._.llll'\.lﬂ.
Exe.mp/clvry dliffralctoglramI L g (b) 0 PrsO,, on GDC electrolyte 900 °C
Lk
Pr.O,, on YSZ g
9 i - U unknown
# YSZ
| o Pr.0 0 0 + Pr0;
= # # 611 0 l |
S 0]
'z o T 1‘? ‘L- wi*
= # U
2 uul
£ .| Ho * 5 (% Bl ()4 LT RTTI(S ~=~ﬁk—dm
) .u,_JJH__M_JL N L U 20 30 40 zgi U 60 80
20 30 40 50 60 70 80
26/ ° v' 800 °C, 10 days: no decomposition
[ v Chemical stability for all samples and temperatures ] ¢ 900 °C, 10 days: partial decomposition, unidentified phases (ongoing)

L. Yefsah, Solid State lonics (submitted)
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| Grenoble - Chambéry

Preparation of symmetrical cells

Study of symmetrical cell architectures

(Focus on interface AFL/CCL)

1 Teeus e AFLEEL fiier A Analysis of electrochemical behavior

(CCL composition, CCL thickness) 1. EIS _
c . . . (V,;=0.02V, 1 MHz - 50 mHz, Au grids 1024 mesh/cm?)
2. Optimization of AFL sintering temperature :
) ) _ 2. R, extraction
3. Comparison of ESD morphology in pratical
application

26/05/2023 Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes 14



Focus on current collector layer (CCL)

Single-layer

PreOq,
GDC

___________________________

Double-layer

CCL composition

ESD calcination: 700 °C, 2h

26/05/2023

___________________________

|
l
|
CCL ! CCL thickness = 30 um
|
! Architecture (AFL + CCL)
GDC |
| POy (ESD) + Prg0y;(SP)
cel | Pry0,, (ESD) + LSCF (SP)
A=154cm? |
‘ Pr,0,; (ESD) + LSM (SP)
T(°C)
750 700 650 600 550 500 450
o ESD single-la‘{yer
L PrgO1; }
& | SCF ; g
o ¥ LSM !
5 |
c 0~ } o] )
h’& | o
3 | v
211 L .
k= g o R
& 4 &y pol, 600 °C
s X *‘“ 0.101 Q cm?
2 | 0.022 Q cm?
| 0.026 Q cm?
1.1 12 13 1.4
1000/ T (K)

> T>600 °C: LSM and LSCF as best choice

CCL thickness
ESD calcination: 700 °C, 2h
Architecture (AFL + CCL) CCL thickness (um)
Pr,0,, (ESD) + LSM (SP) 15
Pr,0,, (ESD) + LSM (SP) 30
Pr,0,, (ESD) + LSM (SP) 45
Pr,0,, (ESD) + LSM (SP) 60
T{°C)
750 700 650 600 550 500 450
T T T ! T T T
O ESD single-layer
14 2 15pm 1
&30 ym 1 i
s 7 45pm i
=] 60 pm \ :
g0 | . B
&-11 a g Rpol, 600 °c
o s 0.030 Q cm?
o & 0.026 Q cm?
"2 3 0.032 Q cm?
! 0.032 Q cm?
1 11 12 13 1.4
1000 /T (K)

LeP MI

Grenoble -

» Miminum CCL thickness (avoid current constriction) ca. 30 um

Influence of architecture for nanostructured Pr,0,, and GDC composite oxygen electrodes

Chambér
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Optimization of AFL sintering temperature

LSM thickness = 30 um

Post-ESD sintering, air

AFL particles, SEM (nm)

600 °C, 2h <20
700 °C, 2h 35
800 °C, 2h 50-100
900 °C, 2h 100-150
1000 °C, 2h 200-250
T(°C)
750 700 650 600 550 500 450
O 600 °C | ,
14 B 700°C !
£.800 °C |
— % 900 °C | - A
i #1000 °C | i
& 0] : ®
g ! ¥ & _
< T
g -1- e
- & ] : 8]
-
;I &
27 . R,u=0.02Qcm?
1 — 2
. Rp=0.14Qcm
1 1.1 1.2 1.3 14
1000/ T (K)
26/05/2023

o - - - - - - - - - -

_______________________________________________________________________________

LePI\/II

Grenoble -

PGSTAT 302N, V,=0.02 V, 1 MHz - 50 mHz, Au grids 1024 mesh/cm?

Thin, dense layer

Thin, dense layer + LSCF (CCL)

Chamb

6
- o = Experimental = ° = Experimental
T=500 °C s, o e 04 T=500°C P, - Fited
47 que e e, w @
_h !!.-l a” " " ™
o : P o 0.24 n' *'
E 1 Ryor =10 Q cm? £ e .
S 0 T T T T T T T G
& 549 56 58 60 62 64 66 N P, Rpot = 0.75 Q cm? E
E 5 Re(Z)/ 0 cm? E 0.0 x x x r x T r
=291 = . 140 2 14.4 146 14.8
: u Re(Z) / @ cm?
4 Rq . Fa;acol 02 :.-
R, - (R,//CPE,) - (R,//CPE,) ' =" 2 Rpal
-6 -
Elementary contributions:
* P,: Capacitance from 10 to 103 F cm (interfacial capacitance + CT)
- Electrolyte/AFL
* P,: Capacitance from 1073 to 10! F cm2 (electrode processes of oxygen species)
- AFL/CCL
‘ > Representative spectra
» ldeal ESD calcination temperature < 800 °C (small grains, highest surface area)

Influence of architecture for nanostructured Pr,0,, and GDC composite oxygen electrodes
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Influence of electrode microstructure on Rpol ||— Q PMI

| Grenoble - Chambéry

o o }/
1.00 LSCF, 350 °C for 2 h + 600 °C for 2h n pe,Q° \'°
@500 °C, ESD + CCL size o
600 °C, ESD +CCL ° Gafian-Calvo, J. Aerosol Sci., 28 (1997), 249
A700 °C, ESD + C.CL °
¢ ° Solution o(mS/em) T,* (°C) Droplet size (um) Particle size* (nm)
O ®
LE, ° EtOH 76.5 88.0 3.8 20
a 0.10 A °
‘% EtOH:H,0 (1:2) 1.61x103 111.2 2.0 20
o - . H,0:BC (1:2) 3.5x102 192.8 2.7 35
u = u u = . .
N A N R N N A A EtOH:BC (1:2) 17.3 193.3 4.8 35
0.01 BC 1.89 206.4 6.9 35
(a) (b) (C) (d) (e) (f) (g) (h) * TGA + DTA; " SEM + Image J analysis
— 2
Rpol’ 600 OC - 0- 02 Q Cm

EtOH + BC Colum. BC

$7 el - S

» ESD deposition highly adaptable
(large variety of original microstructures)

» Exceptional R, for thin AFL layers

pol

26/05/2023 Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes 17



Conclusions ! LePMI

o Search of alternative SOC oxygen electrode materials (reduce operation temperature)

o Investigation of Pr,0,, —> Decomposition product of La, ,Pr,NiO,,
1. Synthesis of nanostructured Pr,O,, electrodes for SOC by ESD - Electrostatic Spray Deposition
2. High controll of process via deposition parameters (T, d, Q, t, solvent) - Microstructural studies
3. Evaluation of thermal stability window on GDC and YSZ electrolytes - 800 °C, IT-SOC
4. Preparation of symmetrical SO cells on GDC electrolytes —> ESD + Screen-printing
5. Architecture of symmetrical cells optimized via EIS - ESD — calcination at 600 °C, 2h

LSM-CCL of 30 um thickness (700 °C, 2h)
Rool, 600 °c = 0-02 Q cm? for columnar microstructure

26/05/2023 Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes 18



Perspectives: composite oxygen electrodes

SOEC mode (for LNO)
Interconnect

R1: Direct oxidation at TPB

R2: lonic transfer (electrolyte to electrode)

R3: Interstitial diffusion + excorporation +
formation of adatoms

R4: Association + desorption

G Sdanghi, J. Electrochem. Soc., 169 (2022), 034518
L Yefsah, (2023) PhD Thesis, UGA

~~o
~
~~as
~~
~
~~es
~
~~es
~~
~
~~es
~~.

2. Physical delamination (e.g. LNO)

Grenoble Chambéry

MIEC/ o,,,, MIEC + 0.,/ O;,,

Active sites
TPB

S.B. Adler, Chem. Rev., 104 (2004) 4791

TPB Dominant surface path Increase interface
—> increase number of TPB MIEC/ ionic conductor
0 D
= =
Material D* (cm%s) k* (cm/s)
3 3 LNO 3 1.0 x 1076 1.5% 1078
O O
Pr0,,° 3.4 %1078 54 x 1077
SOFC v' SOEC: interstitial filling, parallel surface + bulk path, stable >  Prg0,, could behave similar to LSM
%02 +Vop+2e | 0} s SOFC: depletion of interstitials (bulk path limiting) (detailed study of charge transfer
SOEC 1. Performance mechanisms required)

26/05/2023 Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes
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Preparation of a triple layer composite Pr,0,,-GDC electrode — e

ESD -“infiltration” of porous GDC - conditions

d. o IOCC"OQ3 &
slze 7/0_

» Smallest particles possible
Solvent = EtOH : H,0 (1:2, vol.)
T=350"°C
d=50mm
Q=1.0mL/h

Sample preparation
Porous GDC

O, - electrode
Active triple layer

30 um LSM-CCL (SP)

5-15 um La,NiO,,s,/PrsO,, (ESD)
4 um GDC poreux (SP)
3 um GDC barriere (SP)

10 um Electrolyte (8YSZ)
250 pm

Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes

B. Castay, CEA Liten
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|LePI\/II

Preparation of a triple layer composite Pr,0,,-GDC electrode —F—SHEL s

Infiltration using precursors

* R, (650 °C, air) =0.16 Q cm?

NV Lyskov, Russ. J. Electrochem, 57 (2021), 1070
* R, (600 °C, air) =0.074 Q cm?

M Khoshkalam, J. Electrochem. Soc., 167 (2020), 024505
* Rool (600 °C, air) = 0.028 Q cm?

C Nicollet, Int. J. Hydrog. Energy, 41 (2016), 15538

O 1.56 W cm2at 700 °C (PrOx in AFL)
E Dogdibegovic, J. Power Sources., 410 (2019), 91

O -1.5Acm?at 1.4V (50 vol.% steam on H, side, 700 °C)
R Wang, Energy Technol., 7 (2019), 1801154

Sample preparation
Porous GDC

30 um
5-15 um
) . | S 4 um
GDC- barr/er i 3 um

10 um
5um .
—— B. Castay, CEA Liten

250 pm

ESD -“infiltration” of porous GDC - conditions

d. o pEQ° %
size 7/0_

» Smallest particles possible
Solvent = EtOH : H,0 (1:2, vol.)
T=350°C
d=50mm
Q=1.0mL/h

0, - electrode
Active triple layer

LSM-CCL (SP)
La,NiO,,s,/PrsO,; (ESD)
GDC poreux (SP)
GDC barriére (SP)

‘ Electrolyte (8YSZ) ’

26/05/2023 Influence of architecture for nanostructured Pr,O,, and GDC composite oxygen electrodes 22



Perspectives: composite oxygen electrodes

Grenoble Chambéry

SOEC mode (for LNO)
Interconnect MIEC + oion/ Oion
R1: Direct oxidation at TPB Active sites 0,
R2: lonic transfer (electrolyte to electrode) TPB
R3: Interstitial diffusion + excorporation +
formation of adatoms \
R4: Association + desorption
G Sdanghi, J. Electrochem. Soc., 169 (2022), 034518
L Yefsah, (2023) PhD Thesis, UGA
‘ OFC mode
TPB Adapted from: S REY-MERMET, (2008) PhD Thesis, EPFL
&) O
w L : . .
S S Dominant surface path Increase interface with
- increase number of TPB ionic conductor
o) )
S 3 Material D* (cm¥s) k* (cm/s)
LNO 3 1.0 x 107° 1.5x 1078
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