SCI1 2024
Chimica
V ELEMENTI DI FUTURO

—a

A\

XXVIIl Congresso Nazionale
della Societa Chimica Italiana

MILANO, 26 - 30 Agosto 2024




Characterization of hybrid
DMSO-agueous electrolytes for
non-flammable lithium-ion batteries

|. C. Pellini, E. Polato, S. Khalid, R. Ruffo

Societa
DEGLI STUDI (3 Chlr_nlca
\ Italiana

XXVIII Sngress

MILAN, 26 - 30 August 2024

= 2
= S
: =
= »
5 5
B A




Why batteries?
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Lithium-ion batteries’ safety problem

Why?
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Water-based electrolytes

o SEl Promoters 0
Non-flammable .“’235"‘ Narrow Electrochemical Stability Window

High ionic conductivity g Water 1.23

Low viscosity

— Low potentlal Less electrodes
» Natural and abundant Seflctntration achievable in cells available
 Cheap SEI layer composition: S r—
Water : 1.23 - LiF
[ o e—— S| - Li.CO,
< - > b leo
) Salt in water: ~2V ) Additives:
Water in salt / Superconcentrated: ~ * Fluorinated salts oo
: ——y: >« Organic solvents —
Hybrid>: %-4.5 V J
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Electrolytes designed and studied

Salt: LIFSI Cosolvent: DMSO
Li+ Str:;eveies 9
O . O Improvement _ S -
W N H3C CH3
F/S\\ //S\F Super'
OO coneettin » Non-flammable
With fluorine atom * Low toxicity
_ 3 electrolytes: « Economic
High soluble DMSO: water : LiFSI . Safe to handle

2 . 2 1,203
D2w2F1 (5.2m) D2w2F2 (10.4 m) D2w2F3 (15.6 m)
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Electrochemical Stability Windows

Potential vs Li+/Li / V _
15 20 25 30 35 40 45 50 Linear Sweep Voltammetry measurement
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-04 , . , . : . : . . . T . T . , .
-20 -15 -10 -05 00 05 10 15 20 Electrolyte =Y
Potential vs AgCI/Ag / V
D2w2F1 3.16 'V
Best current collectors: D2w2F2 3.31V
Al on negative CC-Al on positive D2W2E3 352V
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Viscosity and Conductivity
Temperature 1 = Motion 1 = Viscosity | Temperature 1 = Motion 1 = Conductivity 1
> T/°C >
Temperature / °C 80706050 40 30 20 10 0 ~-10 -20 -30 -4
80 70 60 50 40 30 0
A 4
10004 = ¢ D2w2F1 o
1| + D2w2F2 - 1075
o ]| = D2w2F3 " + Salt +Salt §
T 00 L Lt +lons + Viscosity o
E = A . . . . Ny -3
=~ f.ee pas . + Viscosity - Conductivity |2
= ] s st o * =
:5 Jaan? O 5 |
8 104 eo o °*"® o * -g -4
% e ® 8 10 _ Dow2Eq TN - A ........
] Electrolvte Viscosity | Conductivity + D2w2F2
N Y'° | at25°C at 25°C [ R
28 2.9 30 311008;_2'_ f'?(_f"‘ 35 36 D2w2F1 22.3cP  8.92mScm? 28 30 32 34 36 38 40 42
D2w2F2 85.8cP  4.33mS cm 10007/ K
D2w2F3 380.8cP 1.22 mS cmt
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Raman O 640 660 680 700 720 740 760 780 800

I
Water addition to DMSO |_|3C/S\C|_|3
o | DMSO/
» Blueshift in C-S-C stretching peak of :
DMSO C-S-C stretching ’J\&
» Strong interaction between water and (sym and asym)
DMSO (H-bonds) Lit S —
. O -0
Salt concentration increase \\S _N_ S// LiES]
> Big blueshift in S-N-S stretching F™ 3 “F S-N-S
peak of FS| O scissoring
» Transition SSIP -> CIP -> AGG oure DMSO
W Solvent @ cCation (@) Anion o —— DMSO:water=1:1
9@ 9 _ 0 _o¢ — D2wW2F 1
®a - et v - —— D2w2F2
o o _o 90 o WQ o —— D2w2F3
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Full cell performances 221
2.0-
Electrodes > ]!
LiTi,(PO,)s —
Working potential : 2.3-2.7 V vs Li*/Li =161
: P 1 o - cycle 1
Theoretical capacity: 138 mAh g 2144 cycle 10
LIMN,O, %-1 2 ela 200
Working potential : 4.2-4.6 V vs Li*/Li O | d
Theoretical capacity: 148 mAh g1 1.0
08 1 N I v I N I v I N 1 v I
D2w2F1 and D2w2F2 cells last only 0 20 40 60 80 100 120
few cycles Gravimetric Charge / mAh g, o

C-rate Mean Mean Average Mean Capacity
capacity energy potential | efficiency |retention

62 mAhg! 40mWhgt! 15V 95.4% 80.3%
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Cold cyclation

Cold performances

60 100
Water/DMSO phase diagram _— e ettt 99 o
=] L97
Only - Only DSC S 40 96 8
water DMSO < . L 95 &
° Jeool Only glass 94 O
EIeCtrOIyte Tg / C tranysi?ions E 30' .M:v::'::A:‘A,:::::::::: AAAAAAAAAA _gg %
D2w2F1 -106 > el PONT'
. D2w2F2 97 8% 91 £
g ° No other o + Charge | [90 9
a D2w2F3 -87 phenomena O 10+ + Discharge 89 0O
= 0.00 1" = Efficiency [ 88
- —— D2w2F1 0 T 20 a0 40 %o 87
*.'m—o.os-. B%;Eg Cycle number
;_0 10+ o :
] - — -10°C cycling
(o] =
-140°C+ o 8-0.151 50 cycles
‘mole FRACTION OF DMSO = Retention : 80.6%
©-0.20+ )
f T _ Cell potential : 1.3 V.
R.N. Havemeyer, Freezing point curve o _ i . _
dimethyl sulfoxide—water solutions, J 0.25 , , , , , , , , , , , Energy . 15 Wh I'(gAM 1
Pharm Sci 55 (1966) 851-853. -120-100 -80 -60 -40 -20 0O 20 40 60 80
https://doi.org/10.1002/jps.2600550822 Temperature / °C
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Accelerated Rate Calorimetry

Heat up by 5°C |« . —— D2w2F3 —— LP30
It's a basic safety test 300
Wait for 10 min _ 275 -
No Commercial 250
Is there any electrolyte (LP30): 52
e’;‘;gtzg’:f' No 1st thermal event: stopped g 2% 7
el 2nd thermal event: go to £ :;z .
D 150 -
Follow the process thermal runaway E’ 125
o
= 100 4
, D2w2F3:
s the final <t _ 75 1
temperature 1st thermal event: stopped 55
reached? 2nd thermal event: absent e
Ye Two more little events ; . ; . . . . .
Stop and cool down NO thermal runaway 0 500 1000 1500 2000 2500 3000 3500 4000

Time (min)
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I R
Conclusions

Designed novel aqueous electrolytes with DMSO (water+DMSO+LIFSI)
« ESW reaches 3.5V (vs 1.23 V of pure water)

Conductivity > 0.1 mS cm* even at low temperatures

Studied the intermolecular interactions water/DMSQO and solvents/salt

Tested in a full cell device (200 cycles)

Thermal characterization: stable at low temperature and able to cycling

Safety improved respect to commercial electrolyte
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Thanks for the attention!

Any guestion?
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