
 

Abstract— In South Africa,  lack of access to clean and safe 

water is one of the main causes of poverty because it makes 

agriculture, livestock raising cattle, forestry, fisheries, hydropower, 

and other innovative activities unstainable. This requires sustainable 

solution to address the present water crisis via the coagulation 

pretreatment process. Herein, using natural coagulants comes in 

handy to replace chemical coagulants, due to their potential of non-

toxicity, biodegradability, readily available, and eco-friendly. 

Therefore, this study investigated the preparation and 

characterization of natural coagulants using bio-waste materials. This 

included banana peel (BP), eggshells (ES), and seashells (SS) and 

their calcinated counterparts. Brunauer-Emmett-Teller (BET), 

Fourier Transform Infrared (FTIR), and energy dispersive X-ray 

(EDX) were used to investigate the properties of the natural 

coagulants. The calcined coagulants are suited for water treatment 

and based on characterization, calcined banana peels were superior to 

the others. The optimum conditions for the calcination temperature of 

BP were 400℃ for a retention time of 2 hours and a temperature of 

800℃ at a retention time of 3 hours for SS and ES. The findings 

demonstrate that the calcined banana peel had a larger surface area 

and pore size of 4.3889 m2/g and 3.167 Å, respectively. Additionally, 

it had a potassium content of 34.1 wt.%, and the FTIR results suggest 

that the functional group OH may have been present. These factors 

make this bio-coagulant superior to other bio-coagulants, and 

hence, it would be beneficial for wastewater treatment. 

 

Keywords— Bio-coagulants, wastewater, eggshell, seashell, 

banana peel.  

 

I. INTRODUCTION 

The discharge of untreated and/or partially treated industrial 

wastewater into water-receiving bodies has presented major 
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economic and environmental concerns for both developed and 

developing countries [1]. Industrial effluent is characterized 

by having a high content of organic and inorganic pollutants, 

some of them are bio-accumulative posing severe health 

problems to both aquatic life and humans. Hence, national and 

international environmental entities have imposed stringent 

discharging limits of wastewater to the water bodies and 

environment [2]. Therefore, the rigorous discharging limits 

have prompted the search for innovative and green 

technologies for wastewater treatment. Herein, exploring the 

use of bio-coagulants from natural resources such as 

agricultural waste [3, 4] comes in handy.  

Conventionally, wastewater treatment technologies such as 

biological processes [5], physical processes [6], chemical 

processes [7], and advanced oxidation processes [5, 8] are 

reportedly used in the water sector. However, the applicability 

of these technologies depends on the source and nature of the 

wastewater [9]. Generally, pre-treatment of wastewater 

involves the use of chemical coagulation with aluminium and 

iron-based salts.  During the coagulation process, a chemical 

reaction neutralizes the charged colloidal particles and reduces 

the repulsion forces between the particles to form flocs, which 

agglomerates to form larger flocs [10].  Despite the treatability 

efficiency associated with chemical coagulants, their 

drawbacks make their usage not friendly. This includes the 

production of large amounts of unwanted sludge [11], 

relatively high operation costs, reduction in treated water pH 

and adverse effects on human health [12], due to their toxicity 

effects  [13]. The aforementioned drawbacks have made the 

use of natural coagulants, such as plant-based substances and 

bio-waste materials such as  Moringa oleiferous seeds [14, 

15], papaya seeds [16], banana peels [17], eggshells [4], and 

chitosan [18] gain research interest. Some of these natural 

coagulants have been reported to have high removal 

performance of turbidity and colour in wastewater treatment 

[19].  Natural coagulants derived from agricultural wastes 

such as banana peels, are defined to have essential compounds 

such as cellulose, lignin, pectin, pigments, hemicellulose, and 

other chemical substances containing large amounts of 

hydroxyl, carboxyl, and other functional groups [20, 21]. 

Another natural coagulant is eggshells  are characterized as 

rigid material, containing proteins, amino acids, calcium 

carbonate, organic matter, magnesium carbonate, calcium 

phosphates and carbohydrates [22]. The composition of 

eggshells makes them viable to be used as alternative 

wastewater treatment materials. Seashells are one of the most 
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prevalent sea trash products in the globe [23]. It is a complex 

substance mainly composed of calcium carbonate, which can 

take one of the two primary crystalline forms, calcite or 

aragonite [24, 25]. Calcium carbonate is a promising and 

effective adsorbent in wastewater treatment  [26]. The inner 

smooth layer of seashells is composed of calcium carbonate 

crystals [26]. Active functional groups in natural coagulants 

can enhance  contaminants removal  via hydrogen bonding 

and other complexes , as well as chelating [27].  

Therefore, the current study focused on surface 

modification via calcination and characterization of banana 

peels, eggshells, and seashells to investigate their potential 

application as bio-coagulants in wastewater treatment 

processes. Characterization was conducted using energy 

dispersive X-ray (EDX), Brunauer-Emmett-Teller (BET), and 

Fourier-transform infrared (FTIR). 

II. METHODS AND METHODS 

A. Calcination 

Calcination is a process used to produce an adsorbent that is 

more porous, and rougher and leaves voids behind that 

eventually become pores. This is a result of volatiles inside the 

particles' microstructure escaping due to high temperature. 

Calcination Also, it was discovered that, although chemical 

modification reduces the adsorbent's overall surface area, it 

increases the adsorption capacity due to changes in functional 

groups [28]. 

B. Sample Preparation  

2.2.1. Banana peels 

Fresh waste banana peels were collected from a local Fruits 

and Vegetables Market in Durban, South Africa. Banana peels 

were thoroughly washed using deionized water (ELGA 

PURELAB Option-Q water deionizer, UK) to remove the dirt 

and associated impurities. The washed peels were placed on 

trays and oven-dried at a temperature of 105oC for 24 hrs. to 

remove any moisture content.  Thereafter, dried banana peels 

were cut into small pieces and ground to powder using a 

blender and using laboratory sieve trays, was sieved to 

uniform particles of 300 – 425 µm. The ground powder was 

calcinated at 400oC for 2 hours. The calcinated banana peel 

was stored in an airtight container before being characterized.  

2.2.2. Seashells 

Seashells were collected from a local public beach as beach 

sand leachate in Durban, South Africa. The seashells were 

thoroughly washed using tap water to remove dirt material, 

followed by rinsing using deionized water. The seashells were 

then oven-dried at 105oC for 24 hours. The dried seashells 

were first crushed into small pieces and ground using a 

blender to a fine powder and sieved to uniform size particles 

ranging from 300 – 425 µm using laboratory sieve trays. 

Ground seashells were calcinated at 800oC for 3 hours, 

thereafter, the calcinated seashells were stored in an airtight 

container. 

2.2.3. Eggshells 

Eggshells were collected from a local bakery as waste in 

Durban, South Africa. The eggshells were thoroughly washed 

using tap water to remove all adhering dirt followed by rinsing 

using deionized water. The eggshells were oven-dried at 

105oC for 24 hours. The dried eggshells were first crushed, 

ground using a blender to fine powder, and sieved to uniform 

particle sizes ranging from 300 – 425 µm, then calcinated at 

800oC for 3 hrs. and stored in an airtight container. 

III. RESULTS AND DISCUSSION 

This section presents the results obtained from the 

characterized raw and calcinated bio-coagulants. The 

elemental compositions of the coagulants were defined using 

the energy-dispersing X-ray (EDX) analysis. The EDX 

characterization results are depicted in Table 1 for all model 

bio-coagulants. 
 
TABLE 1: EDX RESULTS OF BANANA PEEL, EGGSHELL, SEASHELL, 

CALCINED BANANA PEEL, CALCINED EGGSHELL AND CALCINED 

SEASHELL. 

Elementals 

(%wt.)  

Bana

na 

peel 

Eggsh

ell 

Seashe

ll 

Calcined 

Banana 

peel 

Calcine

d 

eggshell 

Calcine

d 

seashell 

Carbon 63.3 38.1 57.4 35.7 23.9 23.9 

Oxygen 33.9 35.7 30.3 18.7 38.7 33.9 

Potassium 1.6 - - 34.1 0.2 0.4 

Calcium  0.8 25.2 11.1 1.3 36.2 40.9 

Chlorine  0.7 - 0.1 6.9 0.1 0.2 

Magnesiu

m  

0.3 0.3 0.3 0.5 0.3 - 

Silicon  0.2 - 0.4 1.3 0.1 0.1 

Sodium  0.1 0.1 0.2 0.5 - 0.4 

Sulphur 0.1 0.6 0.1 0.4 0.2 0.1 

Phosphorus - 0.1 - 0.5 - - 

Aluminum - - 0.1 - - -  

Total (%) 100 100 100 100 100 100 

.   

Table 1  presents characterization results for raw banana 

peels, spectrum 11 depicted the composition carbon (C) > 

oxygen (O) > potassium (K) > calcium (Ca). The observed 

elemental composition can be attributed to the presence of 

proteins and polysaccharides in banana peels (Kamsonlian et 

al., 2011). A significant change in elemental composition was 

observed for the calcinated banana peels. Such a change in the 

elemental composition of the calcinated banana peels is 

attributed to the high affinity of potassium to negatively 

charged areas through a weak electrostatic attraction induced 

through calcination [29]. The high composition of element C 

could be attributed to the doping of carbon gas during the 

analysis.  

It is noted that eggshells have a relatively porous structure 

that allows gas exchange because they are composed of high 

content of inorganic materials compared to organic material 

[30]. In the characterization results for raw eggshells, it is 

apparent that surface modification of raw eggshells by 

calcination resulted in a significant increase in terms of 

elemental composition. The increase in the mass composition 

of Ca in calcined eggshells can be attributed to the presence of 

calcium carbonate which enhances the adsorption process of 

targeted contaminants in aqueous environments [31], 
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however, this is not explicitly accounted for in the present 

study. Moreover, the efficacy of the solid-liquid adsorption 

process increases with increasing C and decreasing O content 

in the adsorbent (Ajala et al. 2018). A higher surface area for 

the adsorption of target pollutants is made possible by the 

ability of the shell to develop pores onto the surface of the 

carbon when there is C present. The results presented in 

eggshells and calcined eggshells suggest that comparison 

studies need to be conducted aimed at investigating the effect 

of C content and calcium carbonate in the form of Ca on the 

adsorption process efficacy.   

The composition of raw seashells and calcinated seashells 

are presented, and it can be observed that raw seashells have a 

high mass composition of elemental carbon. However, 

following calcination the elemental mass compositions 

changed as seen, where calcium mass composition increased 

from and lowered the composition of carbon[32].  
 

TABLE II: FT-IR PEAKS FOR RAW AND CALCINED BIO-

COAGULANTS FUNCTIONAL GROUPS. 

Absorption (cm-

1) 

Functional 

group 

Compound class 

3300-2500       O-H stretching       carboxylic acid 

3000-2840       C-H stretching Alkane 

1420-1330 O-H bending Alcohol 

1070-1030         S=O stretching   Sulfoxide 

1085-1050 C-O stretching           primary alcohol 

900-700  C-H bending 1,2,4-

trisubstituted 

 

The FT-IR spectra of raw and calcinated bio-coagulants 

were obtained to ascertain the nature of the functional groups 

present on the surface of each model bio-coagulant and the 

characterization results obtained are presented in Table 2. 

Based on the results obtained, as presented in Table 2, bands 

appearing at 3300 cm-1, 3000 cm-1, 1420 cm-1, 1085 cm-1, 

1070 cm-1, and 900 cm-1 are attributed to O-H stretching 

(carboxylic acid), C-H stretching (alkane), O-H bending 

(alcohol), C-O stretching (primary alcohol), S=O stretching 

(sulfoxide), and C-H bending (1,2,4-trisubstituted), 

respectively [33]. The carboxylic acid and hydroxyl functional 

groups facilitated the adsorption of heavy metal ions in 

aqueous environments [3, 34]. The raw banana peels show 

strong, distinct bands which can be attributed to the alkyne 

group near the 3280.1 cm-1 peak. The banana peel's strong 

band can also be attributed to the stretching of the C-H group, 

whereas the stretching of the strong S=O group was at 1029 

cm-1. The bands at 3153 cm-1 and 1364 cm-1 of the calcined 

banana peels indicate the presence of the carboxylic acid 

group on the surface of the bio-coagulant. This can be 

attributed to the stretching vibrations on these O-H bands and 

the potential existence of the sulfonamide group, respectively. 

From. All the bio-coagulants reported for the current work 

exhibit bands between 1300 cm-1 and 1600 cm-1, which 

suggests that all model bio-coagulants exhibit stretching on 

the O-H functional group and may belong to the class of 

alcohol compound. It should be noted that O-H functional 

groups act as adsorption sites for contaminant remediation in 

aqueous environments [35]. 
 

TABLE III: BET RESULTS OF THE BIO-COAGULANTS 

Bio-

coagulant 

Surface 

Area 

(m2/g) 

Pore 

Volume 

(m3/g) 

Pore 

Size, (Å) 

Banana peels 2.7190 0.0054 0.569 

Eggshells 0.8734 0.000127 5.515 

Seashells 0.7921 0.0128 2.364 

Calcined 

banana peels 

4.3889  0.00569  3.167  

Calcined 

eggshells 

2.2272  0.00116  2.193  

Calcined 

seashells 

2.0920 0.00108  3.923  

 

The BET analysis was conducted aimed at studying how 

calcined banana peels, eggshells, and seashells differ in terms 

of surface area, pore volume, and pore size. The BET results 

are presented in Table 3 for the calcined bio-coagulants. 

Calcined banana peels have the highest surface area and pore 

volume of 4.3889 m2/g and 0.00569 m3/g, respectively, when 

compared to the calcined eggshells and seashells. Despite the 

least surface area and pore volume demonstrated by calcined 

seashells, a pore size of 3.923 Å was recorded which was 

bigger than that of calcined banana shells and eggshells. The 

large pore size of the calcined seashells suggests that in an 

aqueous environment, the pore-filling will be the dominant 

mechanism in contaminants remediation in a typical 

adsorption process, however, the pore-filling mechanism is 

not explicitly accounted for in the present study [36]. 
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Fig. 1: Application of bio-coagulants in wastewater treatment 

   Figure 1 depicts the usage of several bio-coagulants in the 

coagulation process with the use of a jar tester to eliminate 

turbidity. The results obtained with a constant dosage of 

3.5g/L, two distinct mixing rates (fast and slow) of 150 rpm 

and 30 rpm, 15 minutes for mixing, and 120 minutes for 

settling were as follows.  The calcined banana peel had the 

highest percentage of removal (97.8%), whereas the seashell 

had the lowest percentage of removal (64.3%). 

IV. CONCLUSION  

     This study explored the potential of eggshells, seashells, 

and banana peels as bio-coagulants for the treatment of 

wastewater. Bio-coagulants were characterized using 

analytical techniques such as EDX, FTIR, and BET. The 

results obtained affirmed that calcined banana peels were the 

best-performing bio-coagulant. The presence of calcium and 

oxygen in calcine eggshells and seashells and the presence of 

potassium in calcined banana peels indicates the presence of 

calcium oxide which is essential in the removal of 

contaminants in wastewater. The calcined banana peels had a 

higher surface area, pore volume and pore size compared to 

the calcined eggshell (1.2272 m²/g, 0.000116 cm³/g, 2.193 Å) 

and calcined seashell (0.7921 m²/g, 0.000108 cm³/g, 3.923 Å). 

The functional groups that were observed in the FTIR 

spectroscopy for all the bio-coagulants showed that these 

materials have the potential to act as a substitute in the 

treatment of wastewater. 

REFERENCES 

[1] B. Keraita, B. Jimenez, and P. Drechsel, "Extent and implications of 

agricultural reuse of untreated, partly treated and diluted wastewater 

in developing countries," CABI Reviews, no. 2008, p. 15 pp., 2008. 

 https://doi.org/10.1079/PAVSNNR20083058 

[2] G. S. Simate et al., "The treatment of brewery wastewater for reuse: 

State of the art," Desalination, vol. 273, no. 2-3, pp. 235-247, 2011. 

 https://doi.org/10.1016/j.desal.2011.02.035 

[3] N. Muhamad, N. Juhari, and I. Mohamad, "Efficiency of Natural 

Plant-Based Coagulants for Water Treatment," IOP Conference 

Series: Earth and Environmental Science, vol. 616, p. 012075, 12/30 

2020, doi: 10.1088/1755-1315/616/1/012075. 

[4] N. P. Sibiya, S. Rathilal, and E. K. Tetteh, "Coagulation treatment of 

wastewater: kinetics and natural coagulant evaluation," Molecules, 

vol. 26, no. 3, p. 698, 2021. 

 https://doi.org/10.3390/molecules26030698 

[5] I. Oller, S. Malato, and J. Sánchez-Pérez, "Combination of advanced 

oxidation processes and biological treatments for wastewater 

decontamination—a review," Science of the total environment, vol. 

409, no. 20, pp. 4141-4166, 2011. 

 https://doi.org/10.1016/j.scitotenv.2010.08.061 

[6] M. Hamdi, "Anaerobic digestion of olive mill wastewaters," Process 

Biochemistry, vol. 31, no. 2, pp. 105-110, 1996. 

 https://doi.org/10.1016/0032-9592(95)00035-6 

[7] K. Kestioğlu, T. Yonar, and N. Azbar, "Feasibility of physico-

chemical treatment and advanced oxidation processes (AOPs) as a 

means of pretreatment of olive mill effluent (OME)," Process 

Biochemistry, vol. 40, no. 7, pp. 2409-2416, 2005. 

 https://doi.org/10.1016/j.procbio.2004.09.015 

[8] G. Boczkaj and A. Fernandes, "Wastewater treatment using advanced 

oxidation processes at basic pH conditions: a review," Chemical 

Engineering Journal, vol. 320, pp. 608-633, 2017. 

 https://doi.org/10.1016/j.cej.2017.03.084 

[9] A. Nath, A. Mishra, and P. P. Pande, "A review natural polymeric 

coagulants in wastewater treatment," Materials Today: Proceedings, 

vol. 46, pp. 6113-6117, 2021. 

 https://doi.org/10.1016/j.matpr.2020.03.551 

[10] E. K. Tetteh and S. Rathilal, "Application of organic coagulants in 

water and wastewater treatment," Org. Polym, 2019. 

[11] N. Karić et al., "Bio-waste valorisation: Agricultural wastes as 

biosorbents for removal of (in) organic pollutants in wastewater 

treatment," Chemical Engineering Journal Advances, vol. 9, p. 

100239, 2022. 

 https://doi.org/10.1016/j.ceja.2021.100239 

[12] M. Zedan, A. F. Zedan, R. M. Amin, and X. Li, "Visible-light active 

metal nanoparticles@ carbon nitride for enhanced removal of water 

organic pollutants," Journal of Environmental Chemical 

Engineering, vol. 10, no. 3, p. 107780, 2022. 

 https://doi.org/10.1016/j.jece.2022.107780 

[13] A. Bahadori, M. Clark, and B. Boyd, Essentials of water systems 

design in the oil, gas, and chemical processing industries. Springer 

Science & Business Media, 2013. 

 https://doi.org/10.1007/978-1-4614-6516-4 

[14] A. M. S. Vieira et al., "Use of Moringa oleifera seed as a natural 

adsorbent for wastewater treatment," Water, air, and soil pollution, 

vol. 206, pp. 273-281, 2010. 

 https://doi.org/10.1007/s11270-009-0104-y 

[15] K. Ravikumar and A. Sheeja, "Heavy metal removal from water 

using Moringa oleifera seed coagulant and double filtration," Contrib 

Pap, vol. 9, 2013. 

 https://doi.org/10.1109/ICGT.2012.6477949 

[16] Y. Khee, P. Kiew, and Y. Chung, "Valorizing papaya seed waste for 

wastewater treatment: a review," International Journal of 

Environmental Science and Technology, vol. 20, no. 2, pp. 2327-

2346, 2023. 

 https://doi.org/10.1007/s13762-022-04178-9 

[17] A. Daverey, N. Tiwari, and K. Dutta, "Utilization of extracts of Musa 

paradisica (banana) peels and Dolichos lablab (Indian bean) seeds as 

low-cost natural coagulants for turbidity removal from water," 

Environmental Science and Pollution Research, vol. 26, no. 33, pp. 

34177-34183, 2019. 

 https://doi.org/10.1007/s11356-018-3850-9 

[18] J. P. Ruelas‐Leyva et al., "The effectiveness of moringa oleifera seed 

flour and chitosan as coagulant‐flocculants for Water Treatment," 

CLEAN–Soil, Air, Water, vol. 45, no. 8, p. 1600339, 2017. 

 https://doi.org/10.1002/clen.201600339 

[19] M. Levi, J. Thachil, T. Iba, and J. H. Levy, "Coagulation 

abnormalities and thrombosis in patients with COVID-19," The 

Lancet Haematology, vol. 7, no. 6, pp. e438-e440, 2020. 

 https://doi.org/10.1016/S2352-3026(20)30145-9 

[20] S. Singh, N. Parveen, and H. Gupta, "Adsorptive decontamination of 

rhodamine-B from water using banana peel powder: a biosorbent," 

Environmental Technology & Innovation, vol. 12, pp. 189-195, 2018. 

 https://doi.org/10.1016/j.eti.2018.09.001 

39th JOHANNESBURG International Conference on “Chemical, Biological and Environmental Engineering” (JCBEE-23) Nov. 16-17, 2023 Johannesburg (South Africa)

https://doi.org/10.17758/IICBE5.C1123025 65



[21] R. R. Mohammed and M. F. Chong, "Treatment and decolorization of 

biologically treated Palm Oil Mill Effluent (POME) using banana 

peel as novel biosorbent," Journal of Environmental Management, 

vol. 132, pp. 237-249, 2014. 

 https://doi.org/10.1016/j.jenvman.2013.11.031 

[22] L. Bashir, P. Ossai, O. Shittu, A. Abubakar, and T. Caleb, 

"Comparison of the nutritional value of egg yolk and egg albumin 

from domestic chicken, guinea fowl and hybrid chicken," American 

Journal of experimental agriculture, vol. 6, no. 5, p. 310, 2015. 

 https://doi.org/10.9734/AJEA/2015/15068 

[23] J. H. Jung, B. H. Shon, K. S. Yoo, and K. J. Oh, "Physicochemical 

characteristics of waste sea shells for acid gas cleaning absorbent," 

Korean Journal of Chemical Engineering, vol. 17, pp. 585-592, 

2000. 

 https://doi.org/10.1007/BF02707171 

[24] M. Masukume, M. S. Onyango, and J. P. Maree, "Sea shell derived 

adsorbent and its potential for treating acid mine drainage," 

International Journal of Mineral Processing, vol. 133, pp. 52-59, 

2014. 

 https://doi.org/10.1016/j.minpro.2014.09.005 

[25] R. Narayanan, S. Dutta, and S. Seshadri, "Hydroxy apatite coatings 

on Ti-6Al-4V from seashell," Surface and Coatings Technology, vol. 

200, no. 16-17, pp. 4720-4730, 2006. 

 https://doi.org/10.1016/j.surfcoat.2005.04.040 

[26] A. Bulut, S. Yusan, S. Aytas, and S. Sert, "The use of sea shell 

(Donax trunculus) powder to remove Sr (II) ions from aqueous 

solutions," Water Science and Technology, vol. 78, no. 4, pp. 827-

836, 2018. 

 https://doi.org/10.2166/wst.2018.353 

[27] M. Wang and X.-y. You, "Critical review of magnetic 

polysaccharide-based adsorbents for water treatment: Synthesis, 

application and regeneration," Journal of Cleaner Production, vol. 

323, p. 129118, 2021. 

 https://doi.org/10.1016/j.jclepro.2021.129118 

[28] J. O. Ighalo and A. G. Adeniyi, "A mini-review of the morphological 

properties of biosorbents derived from plant leaves," SN Applied 

Sciences, vol. 2, no. 3, p. 509, 2020. 

https://doi.org/10.1007/s42452-020-2335-x  

[29] A. A. Oladipo, E. O. Ahaka, and M. Gazi, "High adsorptive potential 

of calcined magnetic biochar derived from banana peels for Cu2+, 

Hg2+, and Zn2+ ions removal in single and ternary systems," 

Environmental Science and Pollution Research, vol. 26, no. 31, pp. 

31887-31899, 2019. 

 https://doi.org/10.1007/s11356-019-06321-5 

[30] M. Pettinato, S. Chakraborty, H. A. Arafat, and V. Calabro, 

"Eggshell: a green adsorbent for heavy metal removal in an MBR 

system," Ecotoxicology and environmental safety, vol. 121, pp. 57-

62, 2015. 

 https://doi.org/10.1016/j.ecoenv.2015.05.046 

[31] L. A. Warren, P. A. Maurice, N. Parmar, and F. G. Ferris, 

"Microbially mediated calcium carbonate precipitation: implications 

for interpreting calcite precipitation and for solid-phase capture of 

inorganic contaminants," Geomicrobiology Journal, vol. 18, no. 1, 

pp. 93-115, 2001. 

 https://doi.org/10.1080/01490450151079833 

[32] N. Nordin, Z. Hamzah, O. Hashim, F. H. Kasim, and R. Abdullah, 

"Effect of temperature in calcination process of seashells," Malaysian 

Journal of Analytical Sciences, vol. 19, no. 1, pp. 65-70, 2015. 

[33] D. Lin-Vien, N. B. Colthup, W. G. Fateley, and J. G. Grasselli, The 

handbook of infrared and Raman characteristic frequencies of 

organic molecules. Elsevier, 1991. 

[34] J. R. Memon, S. Q. Memon, M. Bhanger, G. Z. Memon, A. El-Turki, 

and G. C. Allen, "Characterization of banana peel by scanning 

electron microscopy and FT-IR spectroscopy and its use for cadmium 

removal," Colloids and Surfaces B: Biointerfaces, vol. 66, no. 2, pp. 

260-265, 2008. 

 https://doi.org/10.1016/j.colsurfb.2008.07.001 

[35] X. Yang et al., "Surface functional groups of carbon-based 

adsorbents and their roles in the removal of heavy metals from 

aqueous solutions: a critical review," Chemical Engineering Journal, 

vol. 366, pp. 608-621, 2019. 

 https://doi.org/10.1016/j.cej.2019.02.119 

[36] F. Kleitz, "Ordered Microporous and Mesoporous Materials," 

Nanoscale Materials in Chemistry, pp. 243-329, 2009. 

 https://doi.org/10.1002/9780470523674.ch9 

[37] S. Yoshioka and Y. Kitano, "Transformation of aragonite to calcite 

through heating," Geochemical Journal, vol. 19, no. 4, pp. 245-249, 

1985. 

 https://doi.org/10.2343/geochemj.19.245 

[38] B. Janković, N. Manić, M. Jović, and I. Smičiklas, "Kinetic and 

thermodynamic analysis of thermo-oxidative degradation of seashell 

powders with different particle size fractions: compensation effect 

and iso-equilibrium phenomena," Journal of Thermal Analysis and 

Calorimetry, vol. 147, no. 3, pp. 2305-2334, 2022. 

 https://doi.org/10.1007/s10973-020-10474-8 

[39] N. Koga, D. Kasahara, and T. Kimura, "Aragonite crystal growth and 

solid-state aragonite–calcite transformation: A physico–geometrical 

relationship via thermal dehydration of included water," Crystal 

growth & design, vol. 13, no. 5, pp. 2238-2246, 2013. 

[40] E. Ferraz, J. A. Gamelas, J. Coroado, C. Monteiro, and F. Rocha, 

"Recycling waste seashells to produce calcitic lime: characterization 

and wet slaking reactivity," Waste and biomass valorization, vol. 10, 

pp. 2397-2414, 2019. 

 https://doi.org/10.1007/s12649-018-0232-y 

[41] S. M. Antao and I. Hassan, "Temperature dependence of the 

structural parameters in the transformation of aragonite to calcite, as 

determined from in situ synchrotron powder X-ray-diffraction data," 

The Canadian Mineralogist, vol. 48, no. 5, pp. 1225-1236, 2010. 

 https://doi.org/10.3749/canmin.48.5.1225 

[42] R. Ouafi, A. Ibrahim, I. Mehdaoui, M. Asri, M. Taleb, and Z. Rais, 

"Spectroscopic analysis of chemical compounds derived from the 

calcination of snail shells waste at different temperatures," Chemistry 

Africa, vol. 4, pp. 923-933, 2021. 

 https://doi.org/10.1007/s42250-021-00277-1 

[43] A. S. Bharadwaj, M. Singh, S. Niju, K. M. S. Begum, and N. 

Anantharaman, "Biodiesel production from rubber seed oil using 

calcium oxide derived from eggshell as catalyst–optimization and 

modelling studies," Green Processing and Synthesis, vol. 8, no. 1, pp. 

430-442, 2019. 

 https://doi.org/10.1515/gps-2019-0011 

[44] A. A. Ayodeji, O. E. Modupe, B. Rasheed, and J. M. Ayodele, "Data 

on CaO and eggshell catalysts used for biodiesel production," Data in 

Brief, vol. 19, pp. 1466-1473, 2018. 

 https://doi.org/10.1016/j.dib.2018.06.028 

[45] J. Jitjamnong et al., "Response surface optimization of biodiesel 

synthesis over a novel biochar-based heterogeneous catalyst from 

cultivated (Musa sapientum) banana peels," Biomass Conversion and 

Biorefinery, vol. 11, pp. 2795-2811, 2021. 

[46] M. Balajii and S. Niju, "A novel biobased heterogeneous catalyst 

derived from Musa acuminata peduncle for biodiesel production–

Process optimization using central composite design," Energy 

Conversion and Management, vol. 189, pp. 118-131, 2019. 

 https://doi.org/10.1016/j.enconman.2019.03.085 

[47] M. Balajii and S. Niju, "Banana peduncle–A green and renewable 

heterogeneous base catalyst for biodiesel production from Ceiba 

pentandra oil," Renewable Energy, vol. 146, pp. 2255-2269, 2020. 

[48] N. Daimary et al., "Musa acuminata peel: A bioresource for bio-oil 

and by-product utilization as a sustainable source of renewable green 

catalyst for biodiesel production," Renewable Energy, vol. 187, pp. 

450-462, 2022. 

 https://doi.org/10.1016/j.renene.2022.01.054 

[49] M. Fan, H. Wu, M. Shi, P. Zhang, and P. Jiang, "Well-dispersive 

K2OKCl alkaline catalyst derived from waste banana peel for 

biodiesel synthesis," Green Energy & Environment, vol. 4, no. 3, pp. 

322-327, 2019. 

 https://doi.org/10.1016/j.gee.2018.09.004 

[50] H. Husin, M. Riza, and M. Faisal, "Biodiesel production using waste 

banana peel as renewable base catalyst," Materials Today: 
Proceedings, 2023. 

 

 

 

39th JOHANNESBURG International Conference on “Chemical, Biological and Environmental Engineering” (JCBEE-23) Nov. 16-17, 2023 Johannesburg (South Africa)

https://doi.org/10.17758/IICBE5.C1123025 66




