WATER-IN-SALT ELECTROLYTES FOR SUPERCAPACITORS
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Supercapacitors (SC) are playing a central role in the transition to a green economy based on renewable energy sources and electric vehicles. The exponentially growing
market of supercapacitor requires that flammable, volatile and toxic chemicals such as acetonitrile are replaced by cheap and environmentally friendly components.
Valuable strategies are the use of aqueous electrolytes and biochar-based carbon that enable the valorisation of wastes in a circular economy approach. Here we report
about a physicochemical study and preliminary electrochemical characterization of a supercapacitor based on Argan fruit shell derived carbon electrode and a non-toxic
super-concentrated aqueous electrolyte, i.e. a Water In Salt (WIS) solution of ammonium acetate. This preliminary work aims at paving the way towards the design of
novel, green SCs.

Electrode material Electrolyte

Electrolyte: Ammonium Acetate / NH,OAc /1m, 26.4m

- Raw material: Argan hard shells Honeycomb-like structure with  § | gy=|inear Sweep Voltammetry at Glassy Carbon electrode
collected from the southern region of large spherical cavities. TGA= Termogravimetric Analysis; Argon flow 60 mL/min , scan rate 10 °C/min
Morocco. ESW=Electrochemical Stability Window with LSV data
SEM IR= Infrared Spectroscopy
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Electrochemical measurement

: Cyclic Voltametry 20mV/s
e Electrode preparation : 8 mg of powder NH, OAc (26.4 m) Y y / NH, OAc 1m NH, OAc

(80% ARG-K-PM - 10% acetylene black —fﬁr:m
carbon) in 1 ml solution of water, ethanol 04-

(200 pl) and Nafion (20 uL, 5%). After 1h - :
sonication, 4 uL of the ink was drop cast =
on the GC (3 mm diameter) . 00-
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Counter electrode.

02

044 /

-06 4

e ARG-K-PM specific capacitance ca. 300 F/g. . /

* ESW at ARG-K-PM ca 1.3V and narrower e S A R A I A A S N S 08 06 04 02 00 02 04 08
than that at GC. Potential (V) vs SCE Potential (V) vs SCE Potential (V) vs SCE

e 10 Wh/kg expected Specific Energy of an
asymmetric SC with mnegative=1/4 M ositive C.= (1/C.m, + 1/C.m )™ /msc =50F/g E=1 /zcchZ /3600 = 10 Wh/kg

Current (mA)

Conclusions Acknowledgments

This research has been carried out under the support of the:

. . - Italy-South Africa joint Research Programme 2018-2020 (https://site.unibo.it/isarp/en), Italian Ministers of Foreign Affairs and of the
High surface area Argan derived carbon was successfully prepared and featured § . 27>°""

extremely hlgh SpeCifiC Capacitance in 264 m NH4OAC, |e ca. 300 F/g' thanks to - National Center for Scientific and Technical Research (CNRST), Morocco.
its honeycombe-like structure. References

Liumin Suo et al., sciencemag, 350, 6263

Wen Jun Xle; Zhen Zhang; Yi Quin Gao, J. Phis. Chem, 2016, 120, 2343-2351
Zhujie Li et al., J. Phis. Chem, 2018, 122, 23917-23924

Maria R. Lukatskaya et al. , Energy Environ. Sci., 2018 , 11, 2876-2883
Pierre Lannelongue et al., J. Chem. Soc., 165, A657-A663

Liumin Suo et al. , Adv. Energy Mater., 7, 1701189

Dewey Xiao et al., Chem. Elctro. Chem., 6, 439-443

Francois Beguin et al. , Adv. Mat., 26, 2219-2251

M. Dahbi et al, J. Mater. Chem. A. 5 (2017) 9917-9928

T. Chafik et al, WO/2012/050411, (2012)

O. Boujibar, J Environmental Chemical Engineering 6 (2018) 1995-2002

The WIS 26.4 m NH,OAc solution is a good aqueous electrolyte alternative to
KOH and H,SO, for its wider ESW, lower corrosion activity and cinductivity below
0°C. However, ESW is still narrower than that of organic electrolytes.

The asymmetry of the ESW requires that the SC electrodes are properly balaced
in terms of mass. By this approach we expect to achieve 10 Wh/kg at 1.3 V.
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