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ABSTRACT

This paper relates to energy storage devices sish@ercapacitors and non-agueous elec-
trolytes suitable for use in these systems. Thetrelehemical and physical properties of
the electrolytes are the key factors in determirtireginternal resistance (esr) and the pow-
er output capability of the supercapacitors. Disedselectrolyte systems are: blended elec-
trolytes, gel polymer electrolytes and ionic liquid

1. INTRODUCTION

Supercapacitors, also known as ultracapacitorstreledouble layer capacitors (EDLCS)

or electrochemical supercapacitors are the eldotroaal energy storage devices in which
the electric charge is stored in the electricalbdedayer formed at the interface between
electrode and an electrolyte solution. These dewa® provide high power capability, ex-
cellent reversibility and long cycle life. Typicalthey exhibit 20-200 times larger capacit-
ance per unit volume or mass than conventionalatps. [1,2,3]

Supercapacitors can be used in hundreds of apphsatTheir relatively high power densi-
ty makes them ideal for parallel combination witkttbries that have high energy density
to ram the hybrid energy storage systems. Wheraa ftequires not constant energy, the
battery system supplemented by supercapacitor altehivering the high amount of ener-
gy in the short time period from the charged supgacitor. This reduces a load on the bat-
tery and in many cases extends the lifetime ofasgdable batteries. [1, 2, 3]

2. PRICIPLES AND ENERGY STORAGE MECHANISM OF THE SUPER CAPACI-
TORS

EDLCs store the electric charge directly acrossntexface, this is a true capacitance ef-
fect (fig. 1). The mechanism of surface charge g can be enumerated as: surface
dissociation and ion adsorption from solution. Thpacitance arises from an electrochem-
ical double layer (DL) directly analogous to a pletaplate capacitor. The thickness of the
DL is in the order of 5 — 10 - T®m depends on the concentration of the electralyte

size of ions. The double layer capacity is abow2lum? for a smooth electrode in con-
centrated electrolyte solution. As an electrodeematare used highly porous carbon par-



ticles with a very high surface area. This arda the range from 100 fto 2500 M per
gram. The current collector is generally a metdl fo

The porous separator, filled by electrolyte, is Eped to physically isolate the carbon
electrodes and prevent electrical shorting of theteodes.
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Figure 1: Bockris Devanathan Muller double layer model
The capacity [F] can be estimated according to sgua

C=508, 7 M)

whereg; is the double layer dielectric constant, thmn] is the thickness of the DL and
S[m?is the electrode surface area. [1, 2, 3, 4]

2.1. ELECTROLYTE FACTOR IN THE SUPERCAPACITORS

The electrolyte is typically one or more solventsmitaining one or more dissolved ionic

species. In many cases, the physical and electmicheproperties of the electrolyte are a
key factor in determining in the internal resistarfesr) of the supercapacitor and the pow-
er properties.

The energy [J] storage in the supercapacitor cateberibed by the equation

1
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whereU [V] is the operating voltage.
The another measure of supercapacitor performantteei ability to store and release the
energy rapidly, it is the pow& [W] of supercapacitor and is given by
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whereR [Q] is the internal resistance.

As can be deduced from equations 1 and 2, the g power performance are highly
dependent at the operating voltage and internadteexe. These two factors are mainly
given by the conductivity and voltage range ofelectrolyte.

The two principal factors involved in conductance: a

a) concentration of free charge carries (catiortsamnions)

b) ionic mobility or conductance contribution gssociated ion in the electrolyte
There are also a number of sub-factors which initeehese two general factors:

a) solubility of the selected salt

b) degree of dissociation into free ions and facguch as extent of cation-anion asso-
ciation or pairing of ions of the dissolved sahig'in turn is influenced by the salt
concentration, temperature and the dielectric @ngif the solvent

c) viscosity of the solvent, which is a temperatdependent property. As temperature
increases, there is a corresponding decreasedositg

There is also the necessity for the solvent to Hengcally stable. Stability is important
when one considers that supercapacitor must clangelischarge many hundreds or thou-
sands of times during the operational lifetimehef supercapacitor. [1, 4]

3. NON-AQUEOUS ELECTROLYTE SYSTEMS

The use of non-aqueous electrolytes for electroateneapacitors is, in principle, pre-
ferred since higher operating voltagdscan be utilized due to the larger decomposition
limits of such electrolyte solutions. Since therstbenergy increases B8 (equation 2),
this is an obvious advantage over aqueous systems.

3.1. BLENDED ELECTROLYTES

The non-aqueous electrolyte of the supercapactintams a solution of a conductive salt
dissolved in a solvent. The most common solvergsrathe table 1.

Solveni Bp. Mp. Permitivity Viscosity (25°C)
Propylene carbonatt 241°C -55°C 65 2.€mPa-
Dimethylsulfoxide 189°C 18.5°C 29.¢ 1.996 mPa-
N, N dimethylformamide 153°C -61°C 30.¢ 0.92 mPa-
Ethylene carbonate 260°C 37°C 95 192 mPa- (40
Diethyl carbonate 128°C -48°C - 0.795 mPa:
Acetonitrile 82°C -45°C 38 0.36¢mPa-
Sulfolane 28t 26 14.¢ 1C mPa-
y-butyrolactone 204 -44 42 1.7 mPa-
Table 1: Properties of some non-aqueous solvents

The major factor for choosing a suitable salt anpartant discharging and decomposing
potentials of the solute ionic species. The prefeigolutes are tetraalkylammonium salts
of anions that are difficult to discharge, such(REs)’, (BF;)” and (AsF6) Li* salts could



be also used provided the cathodic limit for Li ad@teposition is not reached on charging
of the capacitor.

The choice of solvents usually follows the same@ples as for Li battery systems, al-
though stability to reaction with Li is no longettical factor. [1, 4, 7]

3.2. GEL POLYMER ELECTROLYTES

The gel polymer electrolytes continue to attraterdton since their introduction by M.
Armand. So far various systems have been extegsivetstigated in high-energy lithium-
ion batteries, electric double-layer supercapasijtbrel cells, and chemical sensors. The
operating voltage is about 4 V and conductivitfa@d0 mS/cm.

In principle the gel polymer electrolyte can besslfied as the two-phase system com-
posed of ionically conducting medium entrappedasttpolymer matrix. The most impor-
tant ionic conductors are protonjHand lithium (Li") based electrolytes. The first one are
known for their high conductivity with the 'Hdonors originating from e.g. sulphuric
(H2SQy) or phosphoric (BPOy) acid. In the second group mobile Li+ speciespacxided

by dissolution of lithium perchlorates (LICAD fluorophosphates (LiRJor fluoroborates
(LiBF4) in aprotic solvents. Furthermore the sodium, ggitan or ammonium based elec-
trolytes are known. Among others acetonitrile, ptepe and ethylene carbonates are the
most common choices of aprotic solvents.

The polymer matrix, based on poly(propylene), pahylidene difluoride),
poly(tetrafluoroethylene), poly(ethylene oxide) Pk polyaniline (PANI), poly(methyl
methacrylate) (PMMA), ensures desired mechanicapgties resulting in self-standing
gel polymer electrolyte. [5, 6]

Gel polymer electrolytes have several advantages:
- volatile organic solvent is not incorporated
- supercapacitors can be made of any size and stmabe
- light weight and high energy density battery barmade.

3.3. lONIC LIQUID ELECTROLYTES

Covalent supercapacitor electrolyte technologyaseld on a family of salts known as hy-
drophobic ionic liquids (IL). These materials passeunique set of physical, chemical and
electrochemical properties that strongly favor these as electrolytes in supercapacitors.
IL technology is based on the judicious pairinglefocalized heterocyclic organic cations
and charge stabilized organic and inorganic anions.

Properties of the ionic liquid:
- ion concentration from 4 Mto 6 M
- wide working temperature, from -9Q to 400°C
- non-flammable with low toxicity
- non-corrosive to electrode and packing compaanelevated temperatures
- isothermal stabilities approaching 3@Wwith no measurable vapor pressure

The viscosities of IL are minimally two orders ofagnitude greater than those of most
common molecular solvents. Thus the typically iacoaductivity is in the range from 4 to



14 mS/cm at 22C. This conductivity is insufficient for supercafiacs at room tempera-
ture and below, but are suitable for high tempeeaipplications. [5, 7]

4. CONCLUSION

In this paper were briefly summarized propertiethef3 general non-agueous electrolytes.
The electrochemical and physical properties ofdleetrolytes are the important factors in-
fluencing parameters of the supercapacitors sudhtasal resistance, working potential

and currents.
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