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Abstract 

Periwinkle shells are often generated in large 

quantities as waste but still remain under-

utilised. Prevalently, they are heaped in open 

fields and landfills. Such disposal method 

enhances environmental pollution and breeding 

of disease-carrying organisms, thereby posing 

severe adverse effects on public health. This 

research aimed at devising a way to address the 

problems while deriving benefits from the 

approach. Periwinkle shells were gathered, 

washed, dried, and processed into powdery 

form which then after was blended with a 

wetting liquid (of viscosity 9.2 x 10
-4 

Pas, 

prepared from dry cassava starch). The blended 

material was utilised to produce five identical 

disc-shaped compacts used as test samples in 

this study. Capacitance of the samples was 

measured at frequencies of 1 kHz, 10 kHz, and 

100 kHz over a temperature range of 20 
O
C to 

70 
o
C. It was observed that, irrespective of the 

frequency considered, the samples exhibited 

negative temperature coefficient of capacitance.   
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Also, the dielectric permittivity decreased as 

frequency increased but ranged in values (4.73 

– 9.06), (2.16 – 7.02), and (1.86 – 6.33) within  

the adopted temperatures limits. Again, it was 

noticed that the samples could serve as a 

suitable alternative to conventional dielectrics 

such as paper, mica, aluminium oxide, and 

glass which are usually and commonly applied 

for capacitor manufacturing. Hence, 

valorisation of Periwinkle shells could serve as 

a scientific way of solving the associated 

disposal problems while availing 

electrical/electronic industries with low-cost, 

environmentally-friendly, and promising 

dielectric material suitable for use in capacitive 

energy storage devices. In the alternative, the 

samples could be used for electrical insulation 

in systems designed to operate at temperature 

that exceeds room value by up to 70 
o
C. 

Keywords: Cassava starch; Conventional 

dielectrics; Hausner ratio; Temperature 

coefficient; Wastes 

 

1.0 Introduction 

Periwinkle, commonly known as sea snail, is a 

typical shell food that is considered a delicacy 

in most African and Asian cuisines. Its meat is 
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high in protein, selenium, and magnesium and 

also rich in Omega-3 fatty acids. Some health 

benefits derived from consumption of 

Periwinkle meat include improvement of brain 

memory, reduction of risk of high blood 

pressure, cancer, reproductive and heart 

diseases, as well as synthesis of fats and nucleic 

acids. According to The Sun Newspaper report 

dated February 1, 2019, Periwinkle constitutes 

all the vital vitamins required by human body. 

This agrees with the observation of Ekop et al. 

(2011) that periwinkle meat presents economic 

potentials mainly due to its excellent protein 

quality and availability all year round. 

Compared to Oyster, Whelk, and Clam, 

Periwinkle meat has about (70.42 ± 0.030) 

being the highest protein content (Johnnie et 

al., 2020). In Nigeria, there are about twelve 

million tonnes of waste shells disposed of on 

land and seashores annually (Hart, 2020) and a 

considerable amount of them are Periwinkle 

shells (Aimikhe and Lekia, 2021). When the 

edible part (meat) is removed, the residual 

solids (Periwinkle shells) are usually discarded 

as waste materials. According to some reported 

research findings, these shells can be used for 

development of asbestos-free automotive brake 

pad (Yawas et al., 2016), manufacturing of 

abrasive material (Obot et al., 2017) and as 

coarse aggregates for production of normal-

weight concrete (Eziefula et al., 2020; 

Omisande et al., 2020; Amarachi et al., 2021). 

Also, Periwinkle shell powder is a useful 

pharmaceutical excipient (Ugoeze and Chukwu, 

2017) and incorporating it into polypropylene 

can yield composites with improved wear 

resistance and fatigue strength (Onuoha, 2019). 

Anita et al. (2020) utilised up to 30 % of 

Periwinkle shell ash for cement replacement in 

lateritic soil and observed satisfactory results. 

At 10 % level of Periwinkle shell ash 

substitution for cement, increase in splitting 

tensile strength of concrete is possible (Kolapo 

and Umoh, 2012). According to Aisien et al. 

(2015), Periwinkle shell ash is a useful 

photocatalyst for degradation of aniline in 

aqueous solution. 

However, Periwinkle shells are observed to be 

under-utilised. This situation warrants heaping 

them frequently in open fields and landfills. 

Such prevalent disposal method enhances 

environmental pollution and breeding of 

disease-carrying organisms thereby posing 

severe adverse effects on public health. Since 

solid waste management system remains 

inefficient and waste generation increases 

astronomically with population (Robert et al., 

2021), it is necessary to consider other ways of 

addressing the situation while benefiting from 

the approach. Hence, the essence of this study 

is to ascertain the feasibility of utilising 

Periwinkle shells for dielectric/electrical 

applications in order to provide a route for 

solving the above-identified disposal problems. 

Electrical properties of discs fabricated from 

Periwinkle shell nanopowder (Adeniran et al., 

2022) and those of Periwinkle shell powder 

filled polymer composites (Abdelmalik and 

Sadiq, 2019) have been studied and reported. 

Specifically, disc-shaped compacts fabricated 

from Periwinkle shell powder will be examined 

for capacitance and dielectric permittivity as a 

function of temperature. Interestingly, there is 

no scientific information in the literature on 

such consideration for Periwinkle shells. It is 

therefore hoped that findings from this work 

would be of immense benefit to researchers, 

engineers, and electrical/electronic industry.  

 

2.0  Experimental perspective  

2.1 Materials  

The major materials utilised in this study were 

cassava effluent and Periwinkle shells. They 

were obtained as waste materials and in large 

quantities. Whereas the Periwinkle shells were 

picked from dumpsites, the cassava effluent 

was collected from local cassava processing 

units. Both materials were sourced within 
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Mkpat Enin Local Government Area, Akwa 

Ibom State, Nigeria.   

2.2 Processing of the waste materials 

Prior to their use for development of test 

samples, the as-collected materials were 

processed into starting materials as described 

below:  

Using the technique employed by Robert et al. 

(2019), starch was obtained from the cassava 

effluent. In this case, the cassava effluent was 

put in a plastic bucket and left to settle for 10 

hours before it was decanted to obtain the 

residue (starch). The starch was then subjected 

to continuous sun-drying and weighing until it 

became powdery and its weight also remained 

constant. The Periwinkle shells were washed 

thoroughly using clean tap water and then dried 

in an electric oven (Model N30C, Genlab). This 

was necessary in order to ensure that dirts and 

other forms of impurities were removed from 

them. By means of Agate mortar and pestle, the 

dried shells were crushed. Figure 1 shows the 

shells in dried and crushed forms. The crushed 

material was screened with the aid of a standard 

sieve and the quantity of it that passed 250 m –

sieve opening was calcined in Muffle ASCO 

furnace maintained at 1000
o
C. After 5 hours, 

the calcined material was allowed to cool to 

about 35 
o
C before it was pulverised using a 

high-energy ball miller (Emax, manufactured by 

RETSCH, GmbH). This ball-milling machine 

was operated at 500 rpm for 6 hours and it is 

capable of reducing the particle size of a 

material feed from about 5 mm to as fine as less 

than 80 nm. .  

.  

 
Fig. 1: Forms of the periwinkle shells used (a) dried (b) crushed 

2.3 Analysis of the processed materials 

Both the cassava starch (CST) and Periwinkle 

shell powder (PSP) were analysed, separately, 

for flowability on the basis of their Hausner 

ratio. Using a digital weighing balance (S. 

METTLER –  600G), 10 g of each material was 

weighed and transferred to a 100 cm
3
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measuring cylinder. The volume occupied by it 

at that instant was noted as loose bulk volume. 

The cylinder was then tapped 100 times and the 

volume of the material in it was noted as tapped 

volume. By calculation, the bulk density    and 

tapped density    were determined based on 

conventional density formula (Etuk et al., 2018, 

2020a; Robert et al., 2020; Okorie et al., 2020) 

thus: 

   
 

 
    1 

where   = bulk or tapped density,   = mass of 

the material, and   = bulk or tapped volume of 

the material. From the data obtained, the 

Hausner ratio    was computed as (Reddy et 

al., 2014). 

    
  

  
   2 

2.4 Discs (samples) fabrication 

The PSP was carefully blended into a wetting 

liquid (having viscosity of 9.2 x 10
-4 

Pas) to 

form homogeneous mixture consisting of six 

parts of the powder to one part of the liquid by 

weight.  For preparation of the wetting liquid, 

10 % solution of the cassava starch was mixed 

with hot water and the mixture was heated by 

means of an electric hotplate (Lloytron 

E4102EH) until it became mildly viscous. Disc-

shaped compact of diameter 16.0 mm (as 

measured by means of digital vernier callipers) 

was obtained by pressing the resulting 

homogeneous mixture uniaxially at 7 x 10
2
 

MPa. This was allowed for 20 minutes after 

which the compact was sintered at 1000
o
C in 

air for 1 hour before it was diced into five 

identical samples of thickness 2.0 mm.  

2.4 Test protocols 

At a time, a sample was engaged in a holder 

equipped with two lead terminals and a unit for 

assemblage of a disc-shaped component. For 

the purpose of capacitance measurement, the 

lead terminals of the holder were connected to 

the probes of a calibrated LCR meter (Model 

No. 9183, Lutron). A digital thermometer 

(Model no. 305, calibrated as well and 

equipped with type –K probe) was employed 

for temperature monitoring and measurement. 

The thermometer probe was clamped such that 

its tip made contact with one cross-section of 

the sample under test. Figure 2 shows the 

features of the setup used. The hotplate served 

as source of heat. The metallic pins holding the 

sample in the assembly were properly lagged 

(using cotton wool) to ensure that only the heat 

absorbed by the sample caused variations in its 

capacitance values during each test schedule. 

By adjusting the control dial of the hotplate to a 

reasonable position, the heat supplied to the 

system was made to flow slowly through the 

aluminium block into the sample. As the 

temperature of the sample increased by 5
o
 C, 

the capacitance of the sample was noted at 

three different frequencies. All the samples 

were similarly tested.  

2.5 Properties determination  

The mean and standard error values of 

capacitance were determined for each 

temperature per frequency. Temperature 

coefficient of capacitance was deduced 

graphically based on two standards, namely, 

Japanese Industrial Standards (JIS) and 

Electronic Industries Alliance (EIA). In 

mathematical form,  

    
     

    
                    3 

where    = temperature coefficient of 

capacitance,    = capacitance value at reference 

temperature,    = difference between 

maximum operating temperature and reference 

temperature values, and     = capacitance 

value at operating temperature. The dielectric 

permittivity value was obtained for each 

temperature by applying the relation (Iboh et 

al., 2020; Etuk et al., 2020b, 2022; Umanah et 

al., 2022)  

        
 

 
            4 
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where   = mean capacitance value per 

temperature,   = cross-sectional area of the 

sample,   = thickness of the sample, and    = 

permittivty of free space (8.85 x 10
-12

 Fm
-1

).  

3.0 Results and Discussion 

Table 1 shows particulars describing the PSP 

and CST used to fabricate the samples. Their 

mean Hausner ratios are approximately the 

same. Based on the interpretation given for 

flowability of materials (Lebrun et al., 2012), it 

could be adjudged that PSP and CST have good 

flow characteristics. Thus, they are suitable for 

manufacturing purpose as utilised in this 

research. 

 

 
Fig. 2: Setup features (a) Engaged sample (b) Experimental diagram (c) Schematic diagram 

 
 

Table 1: Particulars of the processed materials 

Name Code Form Hausner ratio 

1 2 3 Mean ± std. error 

Periwinkle shell powder PSP Dry 1.13 1.10 1.12 1.12 ± 0.01 

Cassava starch CST Dry 1.13 1.12 1.14 1.13 ± 0.01 

 

The capacitance – temperature data for the 

samples at frequencies of 1 kHz, 10 kHz, and 

100 kHz are recorded in Table 2. As seen, 

capacitance varies negatively with frequency at 

all temperatures. This may be attributed to the 

fact that the time for dipoles to orient in the 

applied electric field is less as the frequency 

progressively increases. The capacitance values 

at temperatures of 60 
o
C and 30 

o
C and 

frequencies of 1 kHz and 10 kHz, respectively, 

compare very well. Similar observation is in the 

case of temperature at 65 
o
C and 55 

o
C with 

frequency of 10 kHz and 100 kHz respectively. 

Over the range of temperature measurements, 

the capacitance values of the samples change 

by about 47.77 %, 69.23 %, and 70.69 % at 

frequency of 1 kHz, 10 kHz, and 100 kHz 

respectively. One-way analysis of variance 

(ANOVA) performed at p <0.05 using 

Statistical Package for the Social Sciences 

(SPSS) software reveals calculated value of 

16.16 %, 26.22 %, and 0.77 % between values 

obtained at 1 kHz and 10 kHz, 1 kHz and 100 

kHz, and 10 kHz and 100 kHz respectively. 

These portray a significant difference except in 

the case of 0.77 %. In all the cases, figure 3 

depicts that capacitance decays non-linearly 

with increase in temperature of the samples. 

This signifies that the samples have negative 

temperature coefficient of capacitance. As 

frequency increases, the capacitance decreases 

for each of the temperature values. The nature 

of curves in this study agrees with the cases 

involving temperature coefficient of 
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capacitance of some BaTiO3-based ceramics at 

100 kHz for temperature above 120 
o
C as noted 

by Dean et al., (2016). For capacitor 

applications, the studied samples can be used to 

cancel temperature effects on other components 

in a circuit.  

 

Table 2: Capacitance – temperature data for the samples 

Temperature, 

   o
C) 

Measured capacitance,  10
-12 

F) per frequency,   

      kHz        kHz         kHz 

20.0 8.06 ± 0.04 6.24 ± 0.03 5.63 ± 0.02 

25.0 7.48 ± 0.03 5.51 ± 0.02 4.85 ± 0.02 

30.0 7.04 ± 0.02 4.82 ± 0.02 4.31 ± 0.02 

35.0 6.51 ± 0.03 4.13 ± 0.02 3.53 ± 0.01 

40.0 6.30 ± 0.02 3.72 ± 0.03 3.15 ± 0.02 

45.0 5.82 ± 0.02 3.51 ± 0.03 2.57 ± 0.02 

50.0 5.44 ± 0.02 2.85 ± 0.02 2.34 ± 0.02 

55.0 5.10 ± 0.03 2.53 ± 0.02 2.07 ± 0.01 

60.0 4.83 ± 0.02 2.31 ± 0.02 1.96 ± 0.02 

65.0 4.44 ± 0.01 2.05 ± 0.02 1.75 ± 0.01 

70.0 4.21 ± 0.01 1.92 ± 0.01 1.65 ± 0.01 

 

 

Fig. 3: Variation of capacitance with temperature of the samples 

 

Table 3 shows the temperature coefficients of 

capacitance obtained for the samples in 

accordance with both the JIS and EIA 

standards. With respect to the reference 

temperature for each standard, the fractional 

change in the values of each sample’s 

capacitance over the resulting temperature 

range correlates positively with frequency. It 

appears from the results that, if used as a 

dielectric for capacitor making, realisation of 

very satisfactory performance would be 

possible within audio frequency range.  

Regarding dielectric permittivity of the 

samples, as presented in Table 4, the values 

obtained at 1 kHz from at least 40 
o
C tend to 

compare with values obtained at 10 kHz and 

100 kHz from 20 
o
C to 35 

o
C and 30 

o
C 

respectively. This means that under such 

conditions of operation, the samples are capable 

of exhibiting similar operational tendencies in 
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an applied electric field as long as storage of 

electric charges is concerned. For the limits of 

temperature values considered, the range (4.73 

– 9.06), (2.16 – 7.02), and (1.86 – 6.33) in 

values of the dielectric permittivity are obtained 

for the samples at 1 kHz, 10 kHz, and 100 kHz 

respectively. As frequency increases, the 

dielectric permittivity decreases, a similar 

observation reported by Rahmoouni et al. 

(2015). Schultz (2011) reported the dielectric 

permittivity values of some conventional 

dielectrics such as paper (2 - 6), mica (3 – 8), 

aluminium oxide (7), and glass (8) commonly 

utilised for capacitor making. Comparatively, it 

could be remarked that the samples are suitable 

alternative dielectrics to paper for use from 20 
o
C to 70 

o
C at frequencies between 1 kHz and 

100 kHz. Also, it is not inappropriate to submit 

that the performance of the samples at 1 kHz 

(between 25 
o
C and 70 

o
C), 10 kHz (from 20 

o
C 

to 60 
o
C), and 100 kHz (between 20 

o
C and 50 

o
C) could compare very well with that of mica, 

However, at 1 kHz, the samples have the 

highest dielectric permittivity value (9.06) 

compared to the above-named conventional 

dielectrics. Since insulating materials that have 

high dielectric permittivity values are suitable 

candidates for capacitor manufacturing, it can 

be averred that the samples are promising 

alternatives for fabrication of energy storage 

devices like capacitors. This resonates with the 

submission of Halizan et al. (2021) that good 

dielectric permittivity material has huge 

potential in capacitive energy storage devices 

for electronic applications. More so, Etuk et al. 

(2020b) reported dielectric permittivity values 

of 2.632 at 1 kHz and 4.196 at 10 kHz for 

membranes of Quail egg and Duck egg 

respectively. These are not significantly 

different from the respective values of 2.63 and 

4.18 obtained for the samples at 100 kHz (and 

50 
o
C) and 10 kHz (and 40 

o
C). For the 

samples, the highest dielectric permittivity 

value is 7.02 at 10 kHz and 6.33 at 100 kHz. 

Though these values are greater by 26.03 % and 

73.90 %, respectively, than those reported by 

Etuk et al. (2022) at same frequencies for fibre 

of young epidermis of raphia vinifera at room 

temperature, the maximum value of 9.06 

obtained for the samples at 1 kHz is less by 

18.67 % than the one obtained for the said 

fibre.  

From figure 4, it is obvious that dielectric 

permittivity of the samples trends inversely and 

in a non-linear manner with increasing 

temperature. The remarkable variation noticed 

in the trend signifies that the samples possess 

permanent dipoles and is due to the effect of 

heat on orientation polarisation. Explaining in 

other words, the amount of polarisation could 

be understood as the degree of perfect 

alignment of molecules of a dielectric material 

with an external electric field. Now, the more 

aligned the molecules are with the field, the 

more is the polarisation and hence, the 

dielectric permittivity. But with increase in 

temperature, there is increase in thermal 

agitation of the molecules which results to more 

randomness in their alignment with the field. 

This equally reduces polarisation and in turn, 

dielectric permittivity. The inverse relationship 

in dielectric permittivity with temperature is in 

agreement with the findings of Bahr et al. 

(2011) in the case of Tl2S layered single 

crystals. It also supports the report of Lee et al. 

(2006) on temperature coefficient of 

capacitance of nanocomposites. Since the 

samples are insulating and their dielectric 

permittivity diminishes as temperature 

increases above room value, they could be 

applied for electrical insulation in systems 

designed to operate at such high temperature 

levels. Considering that practical capacitors are 

often constructed by means of high permittivity 

dielectrics (Brindley and Carr, 2002), the 

samples can give satisfactory performances if 

used as a dielectric for capacitor production. 
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Table 3: Temperature coefficient of capacitance of the samples 

Frequency, 

  (kHz) 

  (%/
o
C) per standard 

JIS EIA 

1.0 - 0.96 - 0.97 

10.0 - 1.38 - 1.48 

100.0 - 1.41 - 1.47 

 

Table 4: Dielectric permittivity of the samples at various temperatures 

Temperature, 

   o
C) 

Mean dielectric permittivity,    per frequency 

      kHz        kHz         kHz 

20.0 9.06 7.02 6.33 

25.0 8.41 6.20 5.45 

30.0 7.92 5.42 4.85 

35.0 7.32 4.64 3.97 

40.0 7.08 4.18 3.54 

45.0 6.54 3.95 2.89 

50.0 6.12 3.20 2.63 

55.0 5.73 2.84 2.34 

60.0 5.43 2.60 2.20 

65.0 4.99 2.30 1.97 

70.0 4.73 2.16 1.86 

   

 
Fig. 4 Variation of dielectric permittivity with temperature of the sample 

4.0 Conclusion 

The results of measurements performed in this 

research showed decrease in capacitance with 

temperature of disc-shaped compact fabricated 

from Periwinkle shell powder and cassava 

starch. At frequency of 1 kHz, 10 kHz, and 100 

kHz the respective temperature coefficients of 

capacitance obtained (in %/
o
C) for the sample 

were found to be – 0.96, - 1.38, and  - 1.41 

(based on Japanese Industrial Standard) and – 

0.97, - 1.48, and – 1.47 (in accordance with 

Electronic Industries Alliance). The values of 

dielectric permittivity of the sample compared 

with those reported in the literature for 
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conventional dielectric materials like paper, 

mica, aluminium oxide, and glass commonly 

used for capacitor manufacturing. Thus, in 

addition to serving as a route for solving 

disposal problems, recycling cassava effluent 

into starch and Periwinkle shells into powdery 

form and then utilising them to fabricate the 

disc as described in this work could help to 

ensure availability of cost-effective and useful 

dielectric for capacitor applications.  
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