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Electric double-layer capacitors (EDLCs), also known as supercapacitors, electrochemical double layer
capacitors, or ultracapacitors, are electrochemical capacitors that have an unusually high energy density when
compared to common capacitors, typically on the order of thousands of times greater than a high capacity
electrolytic capacitor. It is shown here that when an EDLC is fully charged its gravitational mass is considerably

greater than when it is discharged.
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1. Introduction

The electric double-layer capacitor
effect was first noticed in 1957 by General
Electric engineers experimenting  with
devices using porous carbon electrode [1]. It
was believed that the energy was stored in
the carbon pores and it exhibited
"exceptionally high capacitance”, although
the mechanism was unknown at that time.

General Electric did not immediately
follow up on this work, and the modern
version of the devices were eventually
developed by researchers at Standard Oil of
Ohio in 1966, after they accidentally re-
discovered the effect while working on
experimental fuel cell designs [2]. Their cell
design used two layers of activated carbon
separated by a thin porous insulator, and this
basic mechanical design remains the basis of
most electric double-layer capacitors to this
day.

An electric double-layer capacitor
(EDLC), is known as supercapacitor, or
ultracapacitor. Their energy density is
typically hundreds of times greater than
conventional electrolytic capacitors. They
also have a much higher power density than
batteries or fuel cells. As of 2011 EDLCs had
a maximum working voltage of 5 volts and
capacities of up to 5,000 farads [3].

Currently, the EDLCs are used for
energy storage rather than as general-purpose
circuit components. The EDLCs also have
two metal plates, but they are coated with
activated carbon immersed in an electrolyte,
and separated by an intervening insulator,
forming in this manner, the double-layer of

activated carbon inside the capacitor. During
the charging process, ions from the
electrolyte accumulate on the surface of each
carbon-coated plate.

Here it is shown that when an EDLC is
fully charged its gravitational mass is
considerably greater than when it is
discharged.

2. Theory

Consider the cross-section of an
EDLC as shown in Fig. 1. The double-layer
in the EDLCs is generally made of activated
carbon immersed in an electrolyte whose
conductivity is much less than carbon
conductivity [4]. The result is that the
conductivity of the double-layer becomes
much less than the conductivity of the
activated carbon and, in this way, the double-
layer can withstand a low voltage, and no
significant current flows through the
activated carbon layers of an ELDC [3]. This
means that they are similar to dielectrics with
very low dielectric strength. Thus, due to the
electrical charge stored in the activated
carbon layers, each layer can be considered
as a non-conducting plane of charge, with
density of charge,oc=q/S, where S is the

area of the plates of the capacitor, and
q=CV is the amount of electrical charge

stored in the activated carbon layers; C is the
capacity of the EDLC. Thus, according to the
well-known expression of the electric field
produced by a non-conducting plane of
charge [5], we can conclude that the electric
field through the layers of activated carbon
(See Fig.1) is given by



_ Ccv
E(Iayer) =E"=E" = 2 = (1)

2‘E'r(layer)‘go 2‘gr(layer)‘go S

Consequently, the density of electromagnetic
energy in the carbon layers is
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It was shown that the relativistic
gravitational massM, is correlated with the

relativistic inertial mass M; by means of the
following factor [6]:
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where y can be expressed by

where n, is the refraction index and p the
density of the material.

Substitution of Eqg. (2) into Eq. (4),
yields
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In the case of activated carbon layer:
Mr(layen =15 €r(layen =12 and Player ;800kg.m_3.
Thus, if the supercapacitor hasC =3,000F ;

S =0.08x0.45=0.036m? and is subjected to
V = 4Volts then Eq. (5) gives

y=-114 (6)
Substitution of Eq.(6) into Eq. (3) yields
I\/Ig(layer) :|_1-14|Mi(layer) =1-14Mi(layer) (7)

This means an increase of 14% in the
gravitational mass of the double-layer when

2
the supercapacitor is fully charged. Since
the mass of the double-layer is a significant
part of the total mass of the supercapacitor,
we can conclude that, when fully charged the
supercapacitor will display considerably
more mass than when it is discharged.

It is important to note that the
gravitational mass of the double-layer can
also be reduced, decreasing the total mass of
the supercapacitor. This can occur, for
example, when1.5Volts <V < 3.1Volts .

Conclusion

The theoretical results here obtained
for the gravitational mass of an EDLC are
general for energy accumulator cells which
contain non-conducting planes of charges
similar to the activated carbon + electrolyte
layers of the EDLCs.



Activated Carbon layer
+

Electrolyte

Electrode Insulator

Fig. 1 — Cross-section of an Electric Double-Layer Capacitor (Supercapacitor) - Each activated
carbon + electrolyte layer works as a non-conducting plane of charge, with density of charge

o~ =q /Sando* =q*/s respectively. The electric fields through the layers, due to these
densities of charges (E‘, E*), are shown in the figure above.
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1. Introduction       


          The electric double-layer capacitor effect was first noticed in 1957 by General Electric engineers experimenting with devices using porous carbon electrode [1]. It was believed that the energy was stored in the carbon pores and it exhibited "exceptionally high capacitance", although the mechanism was unknown at that time.

          General Electric did not immediately follow up on this work, and the modern version of the devices were eventually developed by researchers at Standard Oil of Ohio in 1966, after they accidentally re-discovered the effect while working on experimental fuel cell designs [2]. Their cell design used two layers of activated carbon separated by a thin porous insulator, and this basic mechanical design remains the basis of most electric double-layer capacitors to this day.


          An electric double-layer capacitor (EDLC), is known as supercapacitor, or ultracapacitor. Their energy density is typically hundreds of times greater than conventional electrolytic capacitors. They also have a much higher power density than batteries or fuel cells. As of 2011[update] EDLCs had a maximum working voltage of 5 volts and capacities of up to 5,000 farads [3]. 

          Currently, the EDLCs are used for energy storage rather than as general-purpose circuit components. The EDLCs also have two metal plates, but they are coated with activated carbon immersed in an electrolyte, and separated by an intervening insulator, forming in this manner, the double-layer of activated carbon inside the capacitor. During the charging process, ions from the electrolyte accumulate on the surface of each carbon-coated plate. 

          Here it is shown that when an EDLC is fully charged its gravitational mass is considerably greater than when it is discharged. 

2. Theory

          Consider the cross-section of an EDLC as shown in Fig. 1. The double-layer in the EDLCs is generally made of activated carbon immersed in an electrolyte whose conductivity is much less than carbon conductivity [4]. The result is that the conductivity of the double-layer becomes much less than the conductivity of the activated carbon and, in this way, the double-layer can withstand a low voltage, and no significant current flows through the activated carbon layers of an ELDC [3]. This means that they are similar to dielectrics with very low dielectric strength. Thus, due to the electrical charge stored in the activated carbon layers, each layer  can be considered as a non-conducting plane of charge, with density of charge,
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is the capacity of the EDLC. Thus, according to the well-known expression of the electric field produced by a non-conducting plane of charge [5], we can conclude that the electric field through the layers of activated carbon (See Fig.1) is given by
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Consequently, the density of electromagnetic energy in the carbon layers is
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          It was shown that the relativistic gravitational mass
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is correlated with the relativistic inertial mass 
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where 
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 is the refraction index and 
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 the density of the material. 

         Substitution of Eq. (2) into Eq. (4), yields
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In the case of activated carbon layer: 
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then Eq. (5) gives
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Substitution of Eq.(6) into Eq. (3) yields
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This means an increase of 14% in the gravitational mass of the double-layer when the supercapacitor is fully charged. Since the mass of the double-layer is a significant part of the total mass of the supercapacitor, we can conclude that, when fully charged the supercapacitor will display considerably more mass than when it is discharged. 

         It is important to note that the gravitational mass of the double-layer can also be reduced, decreasing the total mass of the supercapacitor. This can occur, for example, when
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Conclusion 

          The theoretical results here obtained for the gravitational mass of an EDLC are general for energy accumulator cells which contain non-conducting planes of charges similar to the activated carbon + electrolyte layers of the EDLCs. 
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Fig. 1 – Cross-section of an Electric Double-Layer Capacitor (Supercapacitor) -  Each activated 


carbon + electrolyte layer works as a non-conducting plane of charge, with density of charge 
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Fig. 1 – Cross-section of an Electric Double-Layer Capacitor (Supercapacitor) -  Each activated carbon + electrolyte layer works as a non-conducting plane of charge, with density of charge 
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