Electrochemistry group: 2
Main research activities

The Electrochemistry group is active in the field of electrochemistry and
electrocatalysis from more than 90 years...
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New interdipartimental labs &)

Affordability &
Competitiveness

= Affordable lightweight-
product and process,

Green
Vehicles

Safe & Integrated
Mobility

. , = Passive and Preventive
= New powertrain and chassis

technologies for future Safety of new vehicles,

= Competitive

CARS@polito : Centre for
Automotive Research and

= Safe & Secure connected

Sustainable mobility

automated driving.

= Automated transport
ter :
k‘sysLifs /-\Q
% S A
O

New Laboratories in which the electrochemistry group is involved:

Energy Center Lab: Multidimensional approach, which includes
several layers:

1)the physical/technological layer (conversion, storage, distribution/transmission, and end use),
2)the environmental layer (to account for the impacts and constraints to/from the surrounding ecosystems and the

2 K : :
hybrid/electrified vehicles, Enabling SAE high level

= Powertrain and vehicle
system integration & control,

= Affordable zero/low emission

vehicles.

ENERGY
CENTER

3)the digital layer (data collection, transmission, and analysis)

4)the economic layer (market efficiency, affordability, competitiveness, productivity)
5)the social layer (impact on and response of the society / end-users)
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more batteries
or
better batteries
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* theoretical specific energy: 11500 Wh kg™
(practical 1000-3000 Wh kg™)

e use of air
e it can be produced without CRMs

IBM source
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Figure 19 Climate impact per vehicle km for the different scenarios

low CO: footprint
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Li air: reactions =

Charge e=— 2¢ —» Discharge LT + 2¢ +~ O, S LiLO,
: (E* =2.96V vs. Li*/Li)

Cathode

Cathode

Non aqueous system:
2L|+ + 26' + 02 (_)Li202
E,=2,96V vs Li*/ Li

Y. Shao, S. Park, J. Xiao, J-G. Zhang, Y. Wang, J. Liu, ACS Catal., 2012, 2, 844-857
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main issues @

Energy density is always lower than the theoretical one
overcharge

anode reactivity

Co,0,/PVdF Lithium dendrte S
— |5t cycle :
— Ind cycle
e 5 th cycle
—— lith cycle
—— 15th cycle
= 2iith cycle

% / v
| s "‘
. Qe §
= N (7 Lithium anode
w1\
7
] 0 oo

Potential, ¥V vs Li'/Li

W - surface

¢ 00 o0

A0n
Capacity (mAh/g)

discharge products
are insulating

cyclabilty & capacity
loss

pores clogging

ALISE wokshop
Nice 1/10/2018

electrochemistry group Silvia Bodoardo

12/26


mailto:silvia.bodoardo@polito.it

=
(C

o
QU
>
@
p -
Q.

E
O
)
S
o0
Q
)
(O
p -
ad

V)



mailto:silvia.bodoardo@polito.it

the STABLE cell (=)

SS current collector

Objectives:

high capacity > 2000mAh/g

Unprotected
Li anode Electrolyte

. . TEGDME-LICIO,
cycle life improvement to 100-150 cycles
positive impact on battery performance,
cost and environment
Silvia Bodoard ALISE wokshop
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the cathode

overcharge

Potential, ¥V vs Li'/Li

L] a0 400 snn [1:-]
Capacity (mAh/g)

cyclabilty & capacity loss

—o— charge
—e—discharge
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e discharge
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metal catalysts: Pd (=)

0\,\1‘50

Voltage (V)

55
1 ——Pd2.5A

5’0'_ — Pd25

454 ——Pd5

304 0,36V

Pd2.5A

haae———————————

2,54

2,0

1,5 v T . T T T v T
0 50 100 150 200

Specific Capacity (mAh g’

catalyst)

Cathode: CNFs or Pd/CNFs, binder PVDF
Kynar (90:10) on GDL24BA (Sigraget)

Anode: Lithium foil 2,54cm?

Electrolyte: TEGDME/LICIO,

Continuous O, flow 3.5ml/min

Applied current: 20mA/g

10h discharge/10h charge

Martinez S. et Al. RCS Advances 2016

N ALISE wokshop
. Silvia Boc
electrochemistry group Jo@polito.it Nice 1/10/2018 ’

250
post mortem analysis

smaller and/or more reachable
LioO2 particles for Pd2.5A
easier to be recharged

LEITAT cener =5
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synthesis by FSP of Co30;4

Cell voltage [VS. Li*/Lij
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HIGH CAPACITY CATHODE 15700
mAh/g

TGDME LiCLO4 electrolyte
1=0,1 mA/cm?
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influence of binders =
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GDL/CSW GDL/CSW with transition metal oxides as a catalyst

M T v T v T
a5 = GDL- CSW + Nafion
+ " |-~~~ GDL-CSW + PVdF ] 454 ) ) v 454
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the binder affects the morphology of the discharge _products

¢) Co,0J/PVDF . mCo:OuNaﬁon

First discharge / recharge profile of Li/O2 cells
with CSW+Nafion cathode (black line) and
CSW+PVdF cathode (dotted black line). Current:
0.1 mA cm?.
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— EMITFSI - 1M LiCIO4

— TEGDME - 1M LiCIO4
—— EMITFSI + TEGDME
~— EMITFSI =~ 1M LiTFSI

Voltage (V vs. Li/Li*)

cyclabilty & capacity loss

—8—5i02+TEGDME [Re)
—5—5i02+TEGDME (Dis)
—9— AI203+TEGDME (Re)
—0— AI203+TE GDME (Dis)
9 TiD2+TEGDME(Re)
U TiD2+TEGDME (Dis)
—e—TEGDME (Re)
—0—TEGDME (Dis)

Capacity [mAh]
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8 UCC

University College Cork, Ireland
Colaiste na hOliscoile Corcaigh

electrolyte
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Ru (4%wt)/ITO
ethylene glycol
ITO
¢ RuCl;.6H,0
i | NaOH

1. § REFLUX in Ar
2. | + formic acid
3. j Filtering and drying TEM

-

Ru/ITO 85 wt. % + PVDF 10 wt. % on

GDL24BC. Discharge-charge current density
0.05mAcm?, at the curtailed capacity of 1,0
mAhcm2 Continuous O, flow 3.5mImin-!

Voltage / V

TEGDME

4,51

RufITO in TEGDME/LICIO,

Binder: 15 wt.% PVDF-HFP

0,05 mA lcm2 -20h

w 'BISCHAR‘GEIX

.1«»‘ r\,q A
Ly £ £ .1'

Vankova S. et al. ChemSusChem 2017, 10, 575 — 586

SUTER

electrochemistry group
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Voltage / V

DMSO

55
1 Ru/ITO in DMSO/LiCI04
5’0-_ Binder: 15 wt.% PVDF-HFP
4’5 U] 0,05 mA lcmz -20h
4,01
3,5-
3,0
2,5 5" 10" 15"
2,04 —20" —25" ——30"
1,5 T T T T T T
0,00 0,25 0,50 0,75 1,00
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anode membrane

PEEK-WC & nanosponges (PWC-NS) membrane

- protect Li anode in DMSO electrolytes
- reduce O3 cross over from the cathode to the ancde

- avoid Li dendrites formattino during cycling
good Li stripping and plating

0z

3 o
E 0.0
E; 01
02020 abv _ew  an o ww
g UAE control
3 00 m m HHMHH m“J“jﬂ‘_ﬁ.wm‘m'n'r'rfrrmw:n'sﬂ:!.i
%.1}.1 #_H S
2 42 study of stable electrolyte for Li-

50 100 150 200 250 300 350 400 _
Time, h air based on DMSO and ILs
PEEK- polyetheretherketone
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cathode membrane @

Membrane

Amici J. et Al. | Chem. Commun., 2016, 52, 13683--13686

[ | e
STABLAE[+_-
(VAR
Unprotected Electrolyte
U anode TEGDME-UCIO,
[ ]
% rH
more 150 cycles air 17% r
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»E,szoo- 5 \azoo- L 5
g 160 8 ‘ 60 -2
£ 150- . & E 150- S
2 I 2z %
= 440 Q2 [5) o
© o © ] - K]
o [ l 3 o —e— Charge 3
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to conclude

Several issues remain to be overcome

Li-air can be without

Critical Raw Materials

It presents the highest

specific energy

Li'iOI‘l iS a huge \ k Higr(ufgf\gs;—)type |
competition with Asiatic L ( )
countries: the = G\ B e

competition on post-

500 600 700 800 900 1000

Iithium ion iS Still open _ Energy density  (Wh/L)

" Ragone plots for various battery systems
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o (] ; L
= high capacity cell @ &
CEGASA \’221;‘?
GROUP ———————————=
Voltage: 4.4-2.25 V q(0O,) = 30 mL min-!
Charge/discharge: 2.5 mA OCV with O, = 2,883V (after 3.5h)
(0.1 mA cm-?)
Room Temperature: 23°C Stable before discharge

Dry Oxygen at atmospheric pressure

Discharge first
45 ———— T 7
‘o
> 35 | _
3 Change of test conditions
*;2 | (no time limitation):
3 ] 1/ Complete discharge to 2.25V
2/ Recharge to 4.4V (CC+CYV)
25 + ~ 3
8 . 18t Discharge: 2.62V
% SN N SR 19h 2 47.6mAh
0 5 10 15 20
tn 1268 mAh/g (1.5mg/cm?)
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