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BATTERIES I: CONTINUUM










-SULFUR BATTERIES: INTRODUCTION (1/2)
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-SULFUR BATTERIES: INTRODUCTION (1/2)
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M-SULFUR BATTERIES: INTRODUCTION (2/2)
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P.G. Bruce et al., Nat. Mater. 11 (2012) 19.
A. Manthiram et al., Chem. Rev. 114 (2014) 11751.
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M-SULFUR BATTERIES: INTRODUCTION (2/2)
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SULFUR BATTERIES: INTRODUCTION (2/2)

discharge charge C
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P.G. Bruce et al., Nat. Mater. 11 (2012) 19.
A. Manthiram et al., Chem. Rev. 114 (2014) 11751.

= One key to enhance LiS batteries: deeper insights about the porous electrode

microstructure impact on the cell performance.
> e.g. sulfur repartition between different scales of porosity, Li,S location...




PPORTUNITIES FOR COMPUTATIONAL MODELING

USA: 8 publications UK: 1 publication Germany: 4 publications

Imperial College
Z 1 ondon
SN - L Hochschule Offenburg
UNIVERSITY OF niversity of ied Science
SO CA OXi — DLR

ENERGY

UNIVERSITY OF

WATERLOO

Canada: 3 publications TOTAL = 16 publications



UNIVERSITY OF

SOUTH CAROLINA

ST ENGINEERING (CONTINUUM) MODEL

Physical model:

Reduction and precipitation reactions.
Lithium salt and polysulfides transport.
Cathode (C:S) microstructure represented

K. Kumaresan, Y. Mikhaylik, R.E. White, J. Electrochem. Soc. 155(8)
A576

with an effective porosity.
Lack of comparison with experimental data.
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D-CONTINUUM CELL MODEL
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R-BASED SPECIES TRANSPORT

1) Mass conservation for mesoscale
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EMICAL & PRECIPITATION REACTIONS

= The dissolved sulfur (Sgsn)) UNdergoes a series of
elementary reduction reactions to produce S(ngm).

= Precipitation/dissolution of Li;Sy so1ia)-

b Li,S precipitates both as film and particle.
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CULATED RATE CAPABILITIES (1/3)

1 ——0.5mA.cm?
2.6 1 —— 1.0 mA.cm”®
void in micro- -2
pore (24%) . — 1.5 mA.cm
Carbon (30%) 2.4
= . |
S 22 |
=
L 4 |
. o]
Sulfur in micro- Sulfur in meso- o |
pore (21%) pore {(9%) % 2.0 4 |
void in meso- QO |
pore (21%) | |
1.8 4 | | |
| |
ing= - i [
Sgsoligy l0ading=2.48 mg.cm -2 Stage I | Stage Il | Stage 111 | Stagelv |
16714 it > >« >
| |
L] | L) I L) I T l T l L) I T I L) | T I
0 200 400 600 800 1000 1200 1400 1600 1800

Specific capacity, mAh.g_

Blzolid)

'_ R C s Prof. Alejandro A. Franco

Engineering the Next Generation Rechargeable Batteries: a Multiscale
Modeling Perspective Il

College on Multiscale Computational Modeling of Materials for Energy
ICTP, Trieste, Italy - July 13, 2016 N RS




ULATED RATE CAPABILITIES (2/3)
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ULATED RATE CAPABILITIES (3/3)

Li,S film growth near the
separator

(tunneling distance: 10 nm)
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PACT OF CARBON POROSITY (1/2)
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Inter-particular porosity, %

ACT OF CARBON POROSITY (2/2)
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I-S BATTERIES II: kKMC
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CULATED C/S SYSTEM EVOLUTION
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)X FLOW BATTERIES: KMC




Conductor particle

RY-BASED REDOX FLOW BATTERIES
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Electrolyte

O
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Active particle

M. Duduta et al., Adv. Energy Mater., 1 (2011) 511.
S. Hamelet et al., J. Electrochem. Soc., 159 (8) (2012) A1360.
S. Hamelet et al., J. Electrochem. Soc., 160 (3) (2013) A516.

Li Foil Anode A

1,587 mm : X! )

a) Continuum model of a SRFB; b) calculated
current densities and states of charge along the

cathode channel for two types of activation
materials.
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| K.C. Smith et al., J. Electrochem. Soc., 161 (4) (2014) A486.




RRY-BASED REDOX FLOW BATTERIES

Conductor particle  Active particle
|

M. Duduta et al., Adv. Energy Mater., 1 (2011) 511.
S. Hamelet et al., J. Electrochem. Soc., 159 (8) (2012) A1360.
S. Hamelet et al., J. Electrochem. Soc., 160 (3) (2013) A516.
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N+ o LURRY-BASED REDOX FLOW BATTERIES

Active Material Capacity (mAh/g)
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S. Hamelet et al., J. Electrochem. Soc., 159 (8) (2012) A1360.
S. Hamelet et al., J. Electrochem. Soc., 160 (3) (2013) A516.

2

GOAL: develop a model describing the
electrochemical behavior of the Si/C slurry
under static and flow conditions.

Voltage (V vs. Li‘/Li”)

current collectof —
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M FUEL CELLS: HYBRID







EARS-OLD PEM FUEL CELL MODEL

ORR DFT-calculated activation energies

0 7 Al oS3
] Rty
| T ko) Bt WO 32
-50 (A1) “5601 1 ﬂa
MICROSCALE 100 ICI:IIJ ! ;;IO;EEQIID’ OIIII:O
] (Ss)
- _ e R ! - H, 'Oiéiéi
MESOSCALE velfis ; Lrey N 1501 - ";C!,O\‘?{;@‘_L =
! 1o 3 5 - 5
4 E
-200 ] g
-250—2 w = (s2)
:O Platinum .
_sooj @® Oxygen
f_‘ E ©  Hydrogen ¢
3 NANOSCALE 350
: ] .
] ESH
400 ’Imhnrn‘ H2° e

Ko T
V -
h RT

elementary act Ei‘:f (kJ mol™") Egg‘i (kJ mol™") AE,, (K mol™)

0oy (ML) 0 1/6 1/3 i/2 0 1/6 1/3 1/2 0 1/6 1/3 1/2
(S1) Oy = 20049 30 31 44 51 149 137 150 150 ~119 -106 -106 -99
(86) Osgas) + Hiaas) = OOH 4y 38 35 40 35 42 56 53 56 -3 =21 -13 —21
(52) Og + Heaay = OH g 88 90 84 80 94 100 108 115 -6 =10 -24 =34
(S3) OH{u) + Haas) = HaOyay) 19 16 15 23 80 85 94 157 —61 —69 -78 —133
(89) OOH ,4) + Hiaas) = HiOs(aa0) 24 33 23 - 46 52 57 - =23 —18 —34 -
(S7) OOH,4) = OH,y + Oy 0 5 - 158 156 199 - -159 —152 —195 —
(54) ZOH(Q‘L) — HEO(JJ&) * O(leb) ] S - 24 25 26 - _24 _20 _21 -

a) A.A. Franco et al.,). Electrochem. Soc. 153 (6) (2006) A1053p%) A.A. Franco et al.Fud Cells 7 (2007) 99;¢c) R.F. de Morais, D. Loffreda, P|
Sautet, A.A. Francdlectrochim. Acta, 56, (2011) 10842d) R.F. de Morais, A.A. Franco, P. Sautet, D. LoffredsCS Catalysis, 5 (2015) 1068.




EARS-OLD PEM FUEL CELL MODEL

ORR DFT-calculated activation energies
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FC CATHODE: COUPLING ON-THE-FLY

KMC WITH CONTINUUM (1/2)
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COVERAGE EVOLUTION
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FC CATHODE: COUPLING ON-THE-FLY

KMC WITH CONTINUUM (2/2)

POLARIZATION CURVE
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M.A. Quiroga, A.A. Franca]. Electrochem. Soc., 162 (7) (2015) E73.

Experimental data from: Stamenkowical., Science 315 (2007) 493.
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MEMBRANE DEGRADATION

= PFSA membrane degradation occurs
during the PEMFC operation:
O porosity increase
O thickness decrease PFSA ionomer
Q pinhole formation wﬂfmﬁjf

5 ?F*]:O—CF;OF,—SO,H

O fluoride ions release Hyd'°b Hydrophilic

Anode 7 +/- 5 um

‘440 hAST

Platinum band in the membrane

% Cathode 14 +/- 4 um
A EIeanE V7 ¥ 3 e

OH®,00H°

Cathode

Anodg 12 +/-6um |

catalyst”.
whltemng at
membrane/
CL interface

H. Tang et al., J. Power Sources., 170 (2007)




LL PEMFC: COUPLING ON-THE-FLY
KMC WITH CONTINUUM (1/4)

Coarse Grain MD databases
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Initial microstructure at 19% water content
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Microstructure after 50% sidechain loss
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Coarse grained
representation of the
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M.A. Quiroga, K. Malek, A.A. Francal. Electrochem. Soc., 163 (2) (2016) F59.
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ULL PEMFC: COUPLING ON-THE-FLY

KMC WITH CONTINUUM (2/4)

Impact of degradation on the
tortuosity and average pore size
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ULL PEMFC: COUPLING ON-THE-FLY

KMC WITH CONTINUUM (3/4)
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M.A. Quiroga, K. Malek, A.A. Francdl. Electrochem. Soc., 163 (2) (2016) F59.




ULL PEMFC: COUPLING ON-THE-FLY

KMC WITH CONTINUUM (4/4)
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GES & OPPORTUNITIES




C. Sagan (1934-1996)

\-\

CIVILIZATION'S LEVEL OF TECHNOLOGY ADVANCEMENT CORR ELATED TOITS
CAPACITY TO STORE INFORMATION (The Cosmic Connection , 1973).
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RIALS MODELING COUNCI

EMMC goals:

b Establishing standards_ for the transferability of
data between different groups;

b Generation of a common multipurpose database;

- Improve the tangibility of the modeling work,
reusability of models by industrials;

- Encouraging development of freeware.

https://emmc.info/
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CROSS-DISCIPLINARITY




(Aa tz)

Introduction of a
new richer food
source

(B, 1)

D. J. T. Sumpter, The principles of collective animal behavior, Phil. Trans. R. Soc. B, 361 (2006) 5.
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KINETIC MODELING OF TEXTURE PROPERTIES
OF BOLOGNA SAUSAGE UNDER
COOKING CONDITIONS

C.R. Chen, M. Marcotte, and A. Taherian
Agriculture and Agri-Food Canada's Food Research and Development Centre,
Casavant Bivd Wesr, §r, Hyvacinthe, QC, Canada

Texiure properties are importani indices for the evaluation of Bologna sausage guality. The
objective of the study was fo investigate the effect of cooking temperature and Hme on
texture propertics, to determine correlations between various texture properties {i.e., hard-
ness, springiness, adhesiveness, cohesiveness, gumminess, chewiness, and resilicnce), and
for develop kinetic models of selected texture properties as a funciion of cooking lempera-
ture and fime, Cooking condilions were established ai five levels of cooking temperature
Jrom 30=T0°C, and ai five levels of cooking time from 10 fo 30 min. Resulis showed that
cooking conditivns (temperature and fime) and their inferactions significantly affected the
fexture properties excepi for the adhesiveness (p < 0.01 ). A significant correlation (p < 0.01)
was found between gumminess and chewiness. The relationship between cooking fempera-
fure and time amd texture properties can be well deseribed by a second order polynomial
equation. Statistical results showed that these kinetic models can be used (R* > 0.92) for the
prediction of Bologna sausage texture properiies within the range of experimental cooking
conditions,

Keywords: Kinetics, Model, Texiure, Bologna, Processed meat, Cooking process,
Hardness, Springiness, Adhesiveness, Cohesiveness, Guouniness, Chewiness, Resilience.




REVERSE-THINKING
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OR REVERSE ENGINEERING...

Need of reverse engineering modeling approaches

> For a given performance/durability/safety targets, use computations to
discover how to achieve those targets.
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A.A. Franco, Ed., Rechargeable Lithium Batteries, Woodhead/Elsevier, Cambridge, UK (2015).




ES FOR MULTI-SCALE MODELING

AUTOMATAS FOR MODELS COUPLING 3D IMMERSIVE
GENERATION WITH COST ANALYSIS VISUALIZATION

—

r=

Physical Multiscale Modeling and Numerical Simulation of
Electrochemical Devices for Energy Conversion and Storage, A.A.
Franco, M.L. Doublet, W. Bessler, Eds., Springer London (2016).




“BE YOURSELF,

everyone else is already taken”

Oscar Wilde (1854-1900)
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