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Basic study on rechargeable concrete capacitors
Abstract

In this study, researchers embedded electrode meshes in geopolymer-based concrete and prepared test
specimens with varying electrode spacing and mesh counts to evaluate fundamental electrochemical properties.
Results from CV and rate tests demonstrated that smaller electrode spacing and a greater number of electrode
meshes resulted in increased storage capacity. Charge—discharge cycle tests further confirmed that stable operation
was maintained after 100,000 cycles, indicating sufficient durability to withstand repeated charge-discharge
operations over the service life of concrete structures. Although the storage capacity remains relatively small, the
study demonstrated that higher energy storage capacity can be achieved by establishing methods for appropriately
embedding and connecting electrodes while maintaining structural integrity. This highlights the potential for
application as a power source for infrastructure monitoring sensors, auxiliary nighttime lighting, and other low-
power electronic devices.
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Table 1. Chemical composition, particle bulk density,
and surface area of fly ash.

Bulk density Surface area
(g/cn) (cri /g)

0.58 0.16

Si02  ALOs; Fe:0s CaO

Flyash 645 239 438 5.3

Table 2. Chemical composition of Silica sand.

Si02  AlOs
Silica sand 95.93 2.33

Fe:03
0.07

Ca0 Na:O KO TiO2 Ig.loss
038 0.53 058 0.02 0.16

Table 3. Distance between electrodes and number of
electrode meshes of specimens.

Sample ID Distance between Number of electrode
electrodes (mm) mesh
10M-5 5 10
10M-10 10 10
250M 5 250
150M 5 150
60M 5 60
30M 5 30
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Fig. 1. Photographs and dimensions of specimens.

Fig. 2. Metal mesh with different mesh fineness

used for electrodes.

Table 4. Charging and discharging condition for the rate test.

Number of charge-
discharge cycles

5

Current value
(uA)

100
10
15
20
30
50
80

100

200

300

Pattern
number

1
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Fig. 3. Comparison of chemical reaction response and specific capacitance during CV of specimens:
Comparison of CV curves with different distances between electrodes ((a) 10M-10 and (b) 10M-5), (c), (e),
(d), and (f) Comparison of CV curves with different mesh openings of electrodes (the larger the number of

XX in XXM, the finer the mesh opening) .
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Fig. 4. Relationship between cell voltage and specific capacity during discharging in the rate test and its
magnification up to 0.1 uAh/crf : Specimens with different distance between electrodes ((a) 10M-10 and (b)
10M-5) and (¢), (d), (e), and (f) specimens with different meshes used for electrodes (the larger the number

of XX in XXM, the finer the mesh opening) .
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