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Abstract - The aim of this study was to fabricate samples from waste chicken eggshells and then assess their basic dielectric 

properties for possible utilization in electronic industry. Waste items such as chicken eggshells and cassava effluent were 

processed into calcined chicken eggshell powder (CEP) and dry cassava starch (DCS) respectively. The CEP was carefully 

blended in the ratio of 2:1 (by weight) into a wetting medium prepared by heating and cooling 15 % (w/v) solution of the 

cassava. The homogeneous mixture of the materials was cast to diameter of (1.65 ± 0.01) cm, pressed, sintered, and then diced 

into disc-shaped samples each having thickness of 0.25 cm. Experiments were performed on the samples at certain frequencies 

(1 kHz, 10 kHz, and 100 kHz) over temperature ranging from 20 
o
C to 50 

o
C. The results showed decrease in capacitance from 

(10.11 ± 0.02) pF to (4.14 ± 0.02) pF. Similarly, relative permittivity of the samples decreased from 13.35 to 5.47, the values 

which fall within the range recommended for ceramic-based capacitors. The temperature coefficients of capacitance decreased 

with frequency from -1.33 %/
o
C to -1.76 %/

o
C. The used wastes showed promising potentials for utilization in manufacturing of 

cheap, sustainable, and eco-friendly energy storage device like capacitor. Embarking on such undertaking could help to solve the 

disposal problems associated with the wastes. 
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1. Introduction 
 

A substance can only be regarded as waste when the owner 

labels it as such. Today, the rate of material use is so large 

that wastes generated will impact on the environment and 

human health globally if mismanaged. Commercial poultry is 

now a business that yields very fast due to the introduction of 

technological innovations in agriculture [1]. A typical 

evidence of this fact is increased eggs production witnessed 

within a very short duration of rearing chickens. 

Consequently, huge amounts of eggshells are discarded as 

waste from homes, restaurants, farms, and factories. On the 

global scale, about 2.3 million tonnes of eggshells were 

generated in 2018 [2] and China produced 458,448 million 

eggs, of which 137,534 million eggs were processed in 

breaking plants, leading to generation of 825,204 tonnes of 

eggshells [3].   

 

Considering the ineffectiveness of solid waste management 

systems in developing and less-developed nations, efforts 

have been made at salvaging the situation via utilization of 

the shells for hydroxyapatite preparation in medicine [4] [5], 

catalytic application [6] [7], wastewater treatment [8] [9] [10], 

fertilizer making [11] [12] [13] [14], development of 

composite materials [15] [16] [17] [18], and manufacturing of 

electrodes [19] [20] [21]. However, waste eggshells are still 

majorly under-utilized. This warrants their disposal by 

indiscriminate dumping, landfilling, or open incineration. 

Observably, these approaches instead pose severe detrimental 

effects on the environment as well as public health [22] [23] 

[24] [25] [26], thereby signalling an urgent need to further 

explore a convenient way for their disposal. 

 

The aim of this study is to fabricate samples from chicken 

eggshells and then assess their dielectric properties. This will 

help to ascertain their suitability for utilization as dielectric 

material in capacitor making. To the best of the authors’ 

knowledge, no such scientific information has ever been 

reported in the literature. Chicken eggshell has very high 

sustainability and is readily-available, highlighting the 

possibility of ensuring sustainable production and 

development at low cost. Also, the knowledge of dielectric 

properties (especially capacitance, temperature coefficient of 

capacitance, and relative permittivity) is very crucial for 

industrial, electrical/electronic, biophysical and medical 

applications, among others [27]. The study on chicken 

eggshells undertaken by Robert et al. [1] was mainly on the 

electrical characteristics such as resistance, resistivity, 

thermal constant, temperature coefficient of resistance, and 

activation energy of the eggshell-based samples.   
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2. Related Work 
 

Of recent, researchers have shown interest in utilization of 

certain recyclable wastes for economic benefits in 

electrical/electronic sector. For example, Adeniran et al. [28] 

found that disc-shaped samples made from the shells of 

Clams, Periwinkle, or Oysters possess satisfactory electrical 

characteristics for engineering applications. On their part, 

Etuk et al. [29] reported that Periwinkle, Clams, and Oyster 

shells are potential raw materials that could be utilized in the 

production of capacitors. Iboh et al. [30] concluded in their 

research that raphia hookeri is a suitable dielectric material 

for capacitor making. A similar finding was reported by Etuk 

et al. [31] based on the results of their investigation on 

dielectric properties of raphia vinifera leaflet. The 

membranes from the eggs of select birds were equally found 

to be potential dielectric materials for capacitor 

manufacturing [26]. Zaino et al. [32] reviewed the possibility 

of developing dielectric from both agricultural and bio-

wastes. They noticed that rice straw exhibited dielectric 

constant of 3.231which simply indicates that it could serve as 

a promising candidate for various engineering applications 

with microwave signal absorbers as the most common. 

More so, Abdelmalik et al. [33] studied the dielectric 

behaviors (specifically, relative permittivity and dielectric 

loss) of epoxy polymer with the periwinkle shell composite 

metal oxides at low filler concentrations over a frequency 

range from 200 Hz to 100 kHz. It was found that the dielectric 

response of the epoxy-shell microparticle powder composite 

displayed a decrease in the dielectric loss with micro-filler 

concentration, suggesting that the waste periwinkle shell 

could serve as a cheap resource to produce low-cost polymer 

composite with improved electrical insulation properties. 

Larguech et al. [34] performed dielectric measurements on 

Poly(lactic acid) (PLA) polymer, Poly(lactic 

acid)/Poly(butylene succinate) (PLA/PBS) blend matrix and 

its green composite reinforced with Jute fibers in the 

temperature range from 20 °C to 140 °C and frequency range 

from 0.1 Hz to 1 MHz.  For the PLA polymer, the dielectric 

analyses revealed the presence of three relaxation processes 

which were identified to be   α-mode relaxation, the dc 

conductivity effect, and the Maxwell–Wagner–Sillars (MWS) 

interfacial polarization effect. Also, it was observed that two 

additional dielectric relaxations (associated with β relaxation 

and interfacial polarization effect originating from PLA 

polymer and the semi-crystalline character of PBS polymer, 

respectively) appeared for PLA/PBS blend matrix.  

 

Omah et al. [35] evaluated the dielectric constant of a hybrid 

composite developed from palm kernel shell dust and wood 

sawdust as reinforcements with 40 % epoxy resin as the 

binder.  They found that as the palm kernel shell dust ratio 

increased from 50:50 to 90:10, the dielectric constant of the 

materials increased from 3.4 to 5.2. Though these values were 

reasonably high, as noticed, it was concluded that the best 

performance of the composite would be limited to low voltage 

applications. Mehrzad et al. [36] reported on the feasibility of 

utilizing metal oxides from periwinkle shells as fillers for 

polymer composites for high-voltage applications. Findings 

from the study suggested that, if the agro-waste is properly 

processed into possible nanosized particles, it can be a better 

candidate for dielectric applications. 

 

Pereira et al. [37] examined the mechanical and insulation 

properties of eggshell microparticles as fillers with epoxy 

polymer in producing composite polymeric insulators using 

TiO2 nanoparticles/epoxy as a control. They noticed that the 

tensile strength of 4 % eggshell filler showed a 22.4 % 

improvement slightly lower than that of TiO2 nanoparticle. 

Also, at lower filler loadings, the composite showed a higher 

dielectric constant and comparable loss tangent with TiO2 

nanocomposite but the electric conductance of the eggshell at 

high voltages was lower than that of the TiO2 nanocomposite 

giving the addition of eggshells a better advantage as a 

dielectric material. Fendi [38] investigated the polarizability 

of eggshell (ES) particulates in polyester-reinforced 

composites, centering the study on the development and 

characterization of a polymer matrix containing different 

volume fractions (10 to 50 wt%) of eggshell particles. The 

results showed that the dielectric strength, dielectric constant, 

and resistivity of the composites had their prime values at 40 

wt%, 10 wt%, and 30 wt%, respectively. It was concluded 

that the dielectric constants of the ES polyester composite 

were lower compared with some conventional insulators and 

by having minimal moisture content and water absorption 

capacity, the composite could be a candidate material for 

capacitors and a good electrical insulator. 

 

3. Experimental Method 
 

3.1 Materials 

Chicken eggshells and cassava effluent were the waste 

materials utilized in this study. The chicken eggs were 

obtained from a local poultry farm (called Songhai) in the 

Niger Delta Basin. The eggs were picked 12 hours after they 

had been laid by a particular chicken. They eggs were then 

stored at room temperature for 15 days before de-shelling 

them. The shells were washed thoroughly in water, sun-dried, 

and stored separately in waterproof container. These materials 

were obtained within Khana Local Government Area, River 

State, Nigeria. 

 

3.2 Processing and Analysis of the materials. 

The eggshells were crushed using Agate mortar and pestle 

and then sieved. Next, the sieved material was calcined at 

1000 
o
C in Muffle furnace for 6 hours. On cooling to about 35 

o
C, the calcined material was pulverized in a high-energy ball 

miller (Emax, manufactured by RETSCH, GmbH) operated at 

500 rpm for 5 hours. The method used Robert et al. [39] was 

adopted for preparation of the starch. Accordingly, the 

cassava effluent was stirred and allowed to settle in a plastic 

bucket for 24 hours, after which it was decanted to obtain the 

residue. The residue was dried under intense sunlight for 

several days until it became powdery (dry starch) and without 

further reduction in its weight. The eggshell powder and 

cassava starch were coded as CEP and DCS respectively so as 

to ease in their identification. Pictures of the materials are 

shown in Figure 1. For flowability assessment, the Carr’s 

index of each material was determined in triplicates following 

the standard procedure documented in ASTM D 6393 [40]. 
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During each determination schedule, 100 g of the material 

was weighed by means of digital balance (Model CS 2000) 

and then transferred to a 100 cm
3
 glass measuring cylinder. 

The bulk volume occupied by the material at that instant was 

noted before the cylinder was tapped 50 times using a tapping 

rod and the material’s tapped volume was noted as well. Bulk 

density and tapped density were determined by taking the 

ratio of mass to the respective volumes [27]. The Carr’s index 

was then computed thus  

  𝐶𝐼 = [1 − (
𝜌𝑏

𝜌𝑡
)]  100 %           (1)  

where 𝐶𝐼 = Carr’s index, 𝜌𝑏 = bulk density, and 𝜌𝑡 = tapped 

density  

 
Figure 1. Pictures of the eggshells, CEP, and DCS 

 

3.3   Preparation of Disc-shaped Samples 

The DCS was mixed with water to obtain a 15 % 
𝑤

𝑣
 solution. 

The solution was put in a steel can and heated with the aid of 

an electric hotplate (E4102 WH). While being heated, the 

mixture was stirred gently until it became mildly gummy. At 

that moment, the heating was discontinued and the heated 

mixture was allowed to cool before it was used as a wetting 

liquid in fabricating the samples. During the fabrication, the 

CEP was blended very carefully into the liquid in the ratio of 

2:1 by weight. The resulting homogeneous mixture was cast 

in a mold of diameter (1.65 ± 0.01) cm and subjected to 

uniaxial pressing at 7.0 x 10
2
 MPa for 90 minutes. This was 

followed by sintering of the pressed material in air at 1000 
o
C 

for 1 hour before it was diced with the aid of dicing saw into 

disc-shaped samples each of thickness 0.25 cm. Three 

samples were prepared and tested.  

 

3.4   Testing of the Samples 

One sample was tested at a time by engaging the sample in a 

holder, equipped with a pair of nickel electrodes (each 

measuring 10 mm x 8 mm x 1 mm) and two lead terminals. 

The sample was positioned such that it rested on its length in 

the cavity of a cylindrical aluminium block placed on the 

heating element of the hotplate. Figure 2 shows the 

components of the setup used for capacitance measurement in 

this work.  A digital thermometer (Model 305 calibrated, 

equipped with type-K probe) was used for monitoring and 

measuring the temperature of the sample. The thermometer 

probe was clamped, ensuring that its tip firmly contacted one 

cross-section of the sample. Cotton wool was used to lag the 

electrodes and tip of the probe. This was considered necessary 

to ascertain that during each measurement schedule, changes 

in the capacitance values were due to heat absorbed by the 

sample only. The lead terminals of the holder were connected 

to the probes of the LCR meter (9183, Lutron) for sample’s 

capacitance measurements. The control dial of the hotplate 

was adjusted to a level that enabled slow heat flow via the 

aluminium block into the sample. Measurement of the 

sample’s capacitance was commenced from 20 
o
C and 

continued at 5 
o
C intervals until the temperature reached 50 

o
C. All the samples were similarly tested, ensuring that the 

process variables were not altered and the same set of 

apparatus was used throughout the testing session.  The 

electrodes in the sample holder were made of nickel. 

 

 
Figure 2. Setup used for the capacitance measurement 

 

Properties determination  

For each temperature and frequency, the mean and standard 

error values of the capacitance were computed. From the plot 

of capacitance (using the mean values) against temperature, 

the temperature coefficient of capacitance was deduced in 

accordance with  the Japanese Industrial Standards (JIS) and 

Electronic Industries Alliance (EIA) and based on the relation 

         

                      𝐶𝑡 = (
𝐶𝑚−𝐶𝑜 

𝐶𝑜∆𝑇
)  100 %                        (2) 

where 𝐶𝑡 = temperature coefficient of capacitance, 𝐶𝑜 = 

capacitance value at reference temperature, ∆𝑇 = difference 

between maximum operating temperature and reference 

temperature values, and  𝐶𝑚 = capacitance value at operating 

temperature.. 

The relative permittivity value was calculated using the 

formula [41] [42] [43] 

                        𝐶 =  𝜀𝑟𝜀𝑜 (
𝐴

𝑑
)                                      (3) 

where 𝐶 = mean capacitance value, 𝐴 = cross-sectional area 

of the sample, 𝑑 = sample’s thickness, 𝜀𝑟 = relative 

permittivity of the samples, and 𝜀𝑜 = permittivity of free 

space (8.85 x 10
-12

 Fm
-1

).  
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To LCR meter

To retort stand

Sample 
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4.  Results and Discussion 
 

Table 1 shows the results of the Carr’s index evaluation for 

the CEP and DCS. It is obvious that the mean values are less 

than 15 %. According to the assertion by Carr [44] and 

submission by Kanig et al. [45], such values signify high 

flowability. By implication, the CEP and DCS have good flow 

property and so, can ensure content uniformity in the studied 

samples. Thus, they are suitable for manufacturing of the 

samples as implemented in this study. 

 
             Table 1. Results of Carr’s index measurements 

Material 

code 

 Carr’s index (%) 

1 2 3 Mean ± S.e 

CEP 9.04 9.01 8.97  9.01 ± 0.02 

DCS 11.43 11.38 11.41 11.41 ± 0.02 
 S.e = standard error 

 

It can be seen in Table 2 that increase in temperature reduces 

the capacitance of the samples notwithstanding the frequency. 

This implies that greater charge could be collected at lower 

frequencies if the sample is used as a dielectric. Umanah et al. 

[41] reported a similar observation for periwinkle shell-based 

disc samples. For a change in the temperature over the 

considered range, the mean capacitance decreases by 39.96 

%, 40.86 % and 47.93 % at 1 kHz, 10 kHz, and 100 kHz 

respectively. The capacitance obtained at 30 
o
C and 1 kHz is 

similar to the value at 20 
o
C and 100 kHz, thus signifying that 

the sample can exhibit the same dielectric behavior under 

such conditions of temperature and frequency. It is observed 

that, for the temperature and frequency extremes considered 

in this research, all the capacitance values of the samples lie 

between 0.5 pF and 1600 pF which is the range noted by 

Schultz [46] for ceramic materials. This simply portrays that 

the sample could be used alternatively for ceramic dielectric 

in capacitor applications. 

 
Table 2. Capacitance of the samples per temperature and frequency 

Temperature, 

𝑇 (℃) 

Capacitance, 𝐶(10-12 F) per frequency, 𝑓 

𝑓 = 1 𝑘𝐻𝑧 𝑓 = 10 𝑘𝐻𝑧 𝑓 = 100 𝑘𝐻𝑧 

20.0 10.11 ± 0.02 8.42 ± 0.04 7.93 ± 0.03 

25.0 8.38 ± 0.04 7.74 ± 0.02 7.38 ± 0.04 

30.0 7.93 ± 0.03 7.02 ± 0.03 6.83 ± 0.02 

35.0 7.49 ± 0.04 6.77 ± 0.04 5.92 ± 0.03 

40.0 6.97 ± 0.04 6.29 ± 0.02 5.21 ± 0.03 

45.0 6.44 ± 0.06 5.83 ± 0.03 4.69 ± 0.04 

50.0 6.07 ± 0.04 4.98 ± 0.03 4.14 ± 0.02 

 

It is clear from Figure 3 that the capacitance exhibits a 

polynomial relationship with temperature at each of the 

frequencies. At 30 
o
C, the capacitance at frequency of 10 kHz 

differs more from the value at 1 kHz than 100 kHz. But 

between 35 
o
C and 45 

o
C, the reverse is observed. Beyond 35 

o
C, the reverse tendency occurs. All these observed tendencies 

are due to the influence of temperature on the samples. When 

temperature increases, the degree of freedom (disorder) of 

dipoles also increases thereby causing the dipoles to have a 

hard time to arrange themselves. This gives rise to decrease in 

the capacitance at higher temperatures. 

 
Figure 3. Capacitance - temperature relationship for the sample 

 

The relative permittivity of the samples also decreases with 

increasing temperatures as can be seen in Table 3. This may 

be attributed to the trend exhibited by the sample’s 

capacitance as temperature changes. Meanwhile, relative 

permittivity correlates positively with capacitance. Etuk et al. 

[29] reported decrease in relative permittivity from 12.52 to 

2.84 as frequency changes from 1 kHz to 100 kHz for samples 

made from oyster shells. It can be deciphered that the relative 

permittivity values obtained for the samples in this study 

agree very well with those found for the disc-shaped samples 

based on oyster shells. As such, they can serve the same 

function as dielectric material. High relative permittivity value 

is advantageous in that it reduces consumption of power, 

ensures faster operation, and enhances higher memory 

density. It is noteworthy that relative permittivity is very 

essential when designing capacitors and other circumstances 

where a material might be needed for introduction of 

capacitance into a circuit. While a material with low relative 

permittivity is suitable for electrical insulation, a dielectric for 

capacitor application ought to have high relative permittivity 

so that the capacitor dimensions can be minimized.  In the 

instant case, the samples fit either way, though temperature 

and frequency have influence on the relative permittivity as 

noticed.  

 
Table 3. Relative permittivity of the samples per temperature and frequency 

Temperature, 

𝑇 (℃) 

Relative permittivity, 𝜀𝑟 per frequency, 𝑓 

𝑓 = 1 𝑘𝐻𝑧 𝑓 = 10 𝑘𝐻𝑧 𝑓 = 100 𝑘𝐻𝑧 

20.0 13.35 11.12 10.48 

25.0 11.07 10.22 9.75 

30.0 10.48 9.27 9.02 

35.0 9.89 8.97 7.82 

40.0 9.21 8.31 6.88 

45.0 8.51 6.64 6.20 

50.0 8.02 6.55 5.47 

 
The influence of temperature on relative permittivity of the 

samples, as illustrated in Figure 4 below, produces trends that 

are similar to the cases with capacitance as earlier noted. The 

observed behavior is possible because density, as well as 

degree of crystallinity and other properties of the sample 

affect its relative (dielectric) permittivity. Considering relative 

permittivity as an indication of an insulating material’s ability 
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for concentration of electric flux, it can be stated that the 

sample has the capability to provide a density of electric flux 

appropriate enough for it to be used as a dielectric in capacitor 

making. As the relative permittivity is high between 25 
o
C 

and up to about 30 
o
C, it points to the fact that it is possible to 

notice very promising performances from energy device (like 

capacitor) made from the sample for electronic applications. 

Storing of electrical energy in capacitors is through 

electrostatic charge storage mechanism [47].  

 

 
Figure 4. Variation of relative permittivity with temperature of the sample 

 

Table 4 shows the temperature coefficients of capacitance 

obtained for the samples. All the coefficients are negative and 

this can be attributed to the decreasing tendency the samples 

exhibit in capacitance with increasing temperatures. The 

coefficients that are based on JIS exceed those premised on 

the EIA standard because of the difference in the minimum 

temperature stipulated in those standards. Meanwhile, the JIS 

requires 20 
o
C whereas the EIA recognizes 25 

o
C as the 

minimum temperature limit, thus warranting a larger change 

in capacitance in the case of the JIS than the EIA standard. 

However, it appears performances that are very satisfactory 

could be realized if the sample is used within audio frequency 

range as a dielectric in the manufacturing of energy devices 

like capacitors.  It is obvious that even under the influence of 

electromagnetic radiation, the samples can perform well 

based on the obtained temperature coefficients of capacitance. 

Bhuva, and Jethva [48] asserted that as electromagnetic 

radiation passes through a given material, its intensity 

increases. 

 

Table 4. Temperature coefficient of capacitance of the samples 
 

Frequency, 𝑓 (𝑘𝐻𝑧) 
𝐶𝑡(%/℃) 

JIS EIA 

1.0 -1.33 -1.10 

10.0 -1.37 -1.44 

100.0 -1.59 -1.76 

 

5. Conclusion and Future Scope 
 

The results of the experiments performed in this work have 

revealed that waste eggshells and cassava starch can be 

processed into materials with acceptable flow property for 

manufacturing purposes. As temperature varied from 20 
o
C to 

50 
o
C within the frequency limits of 1 kHz and 100 kHz, disc-

shaped samples fabricated from the CEP and DCS exhibited 

capacitances (4.14 pF to 10.11 pF) that fall within range 

recommended for ceramic-based capacitors. The relative 

permittivity values (5.47 to 13.35) as well as temperature 

coefficients of capacitance of the samples signified that 

satisfactory performance could be achieved from energy 

storage device produced using the samples as a dielectric. 

Thus, putting the waste chicken eggshells and cassava effluent 

into production cycle can help to solve their disposal problem 

and at the same time, ensure availability of cheap, sustainable, 

and environmentally-friendly electronic products for 

engineering applications. For future research in this direction 

focus could be on how the eggshell storing time influences the 

dielectric properties of the samples.  
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