energies MDPI|

Article

Lactic Acid-Based Solvents for Sustainable EDLC Electrolytes

Massimo Melchiorre !, Roberto Esposito 2, Martino Di Serio 2, Giancarlo Abbate !, Alessandro Lampasi 3, Andrea
Balducci 4 and Francesco Ruffo 2*

1 CapTop S.r.l; 80023, Italy, massimo.melchiorre@captop.it (M. M.), abbate@captop.it (G. A.);

2 Department of Chemical Science, University of Naples Federico II; Naples 80138, Italy; roberto.espos-
ito@unina.it (R. E.), diserio@unina.it (M. D. S.);

3 National Agency for New Technologies, Energy and Sustainable Economic Development (ENEA), Frascati
00044, Italy; alessandro.lampasi@enea.it

4 Institute of Technical Chemistry and Environmental Chemistry, Center for Energy and Environmental
Chemistry (CEEC Jena), Friedrich Schiller University Jena, Jena, 07743, Germany; andrea.balducci@uni-
jena.de

* Correspondence: ruffo@unina.it

Supplementary Materials

Citation: Melchiorre, M.; Esposito,
R.; Di Serio, M.; Abbate, G.;
Lampasi, A.; Balducci, A.; Ruffo, F.
Lactic acid-based solvents for sus-
tainable EDLC electrolytes. Energies
2021, 14, 4250.
https://doi.org/10.3390/en14144250

Academic Editor(s): Haolin Tang

Received: 22 June 2021
Accepted: 11 July 2021 ' ' ' ' ' Y
Published: 14 July 2021

Figure S1. 5-methyl-1,3-dioxolan-4-one (LA-H,H) characterization. 'H NMR (400 MHz, CDCls) o

5.51 (s, 1H), 5..38 (s, 1H), 4.27 (q, ] = 6.8, 1H), 1.47 (d, ] = 6.8, 3H).
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Figure S2. 5,2-dimethyl-1,3-dioxolan-4-one (LA-H,Me) characterization. Major stereoisomer: 'H

NMR (400 MHz, CDCls) 8 5.64 (q, 1H, ] =5.0 Hz), 4.35 (q, 1H, ] =7.0 Hz).1.59 (d, 3H, ] = 5.0 Hz), 1.52

(d, 3H, ] =7.0 Hz). Minor stereoisomer: 1H NMR (400 MHz, CDCls)  5.84 (q, 1H, ] =5.0 Hz), 4.50 (q,

1H,J=7.0 Hz), 1.55 (d, 3H, ] =5.0 Hz), 1.48 (d, 3H, ] = 7.0 Hz).
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Figure S3. 5,2,3-trimethyl-1,3-dioxolan-4-one (LA-Me,Me) characterization. 'H NMR (400 MHz,
CDCI3) 0 4.46 (q, ] = 6.8 Hz, 1H), 1.59 (s, 3H), 1.52 (s, 3H), 1.46 (d, ] = 6.8 Hz, 3H).
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Figure S4. Triethylmethylammonium tetrafluoroborate (TEMABF4) characterization. (a) 'TH NMR
(400 MHz, CDsCN) 9 3.23 (q, ] = 7.3 Hz, 6H), 2.84 (s, 3H), 1.30 - 1.18 (t, J"n =2 Hz, 9H). (b) *C NMR

(101 MHz, CDsCN) & 56.91 (t, 'y = 3 Hz), 47.48 (t, Ji4u = 4 Hz) 8.19. (c) “F NMR (376 MHz, CD:CN)
5 -151.29 (19B), ~151.34 (1B).
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Figure S5. Electrochemical stability window analysis.

Table S1. ESW data at different current densities cut-off.

Electrolyte 0.5 mAcm2 1.0 mAcm™? 1.5 mAcm-2
Erd (V) Ex (V) AV End (V) Ex (V) AV Eud (V) Eox(V) AV
PC -1.60 235 395 -175 280 455 -1.85 3.00 4.85
LA-HH -1.50 235 385 -195 255 450 -2.10 2.70 4.80

Table S2. Relevant performance from cited literature.

Entry Operativ  Specific Specific ore
El El 1 1
[Ref] ectrode ectrolyte e Voltage Energy* Power* Stability
Active Carbon Non-aqueous Not Not Float test 500 h
[1] EDLC CPAME4 3.0V reported reported at 3.0V
asymmetric  [Pyri][BF4] P P Cap Ret 52.5%
. Organic Float test 500 h
[21 ACUETDE(gbon CPAME 35V re l\cl)cr),’ied re l\(I)i‘):ed at 3.2v
[Et:N][BE4] p p Cap Ret 78%
Acti 1
- Ct“é%facrbon WiS oay  24Whkgl 048 kWkg! O’g()gf‘t >
1 : -1 -1
Monolithic LiTFSI5 M 10 Whkg 7.6 kWkg Cap Ret 81%
3D-CMEF-EDA-
. WiS 3000 at 5Ag!
4] P 22V 485 Whkg! 4.9 kWkeg!
(4] Seudz:apaat NaTFSI 8.1 m 8.5Whkg™ 49KWkg™ - Ret 90%
;5 "D CNRst WiS oy 296Whkg' 11kWkg! 6000at5Ag"
EDLC LiTFSI 21 m ’ 21.5 Whkg? 10.9 kWkg? Cap Ret 99%
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Acti
" cve tarbon wis Lay 237 Whkgt L1kWkg 20,000 at 5Ag”
. NaClO417 m ’ 16.7 Whkg' 20.7 kWkg"' Cap Ret 85%
Coin cell
10,000 at
. . 1 4
7] AC Microemulsion 27V Not reported 1.35 kWkg 0.5Ag"
EDLC c 5.4 kWkg!
Cap Ret 99%
WiS 1000 at 1.0
ACEDLC NHi:OAc264 12V 9.2 Whkg' 0.45kWkg! Agt

(8] ~
asymmetric Cap Ret <95%

m

a3D-CME-EtOH: 3-dimensional-cabonized melamine foam-ethylendiammine as lig-
uid component; *Polyaniline derived carbon nanoroads, ‘microemulsion 84% wt distilled
water, 4% wt sodium dodecyl sulfate, 9% wt n-butanol, 3%wt ciclohexane; *data report at

low and high current densities.
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Figure S6. Operative voltage investigation.
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Figure S7. Nyquist plot analysis and resistances evaluations.
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