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Abstract 

This research informs environmentally friendly, inexpensive, and easy-to-implement 

techniques in the manufacture of Calcium hydroxide (Ca(OH)2) nanoparticles.  For this 

purpose, purebred chicken eggshell waste is crushed using porcelain mortar and then 

calcined in two stages, namely at a temperature of 600 °C and 900 °C with a temperature of 5 

°C / minute. Characterization of calcined results using XRD instrumentation, and identified 

the cfactal phase Ca(OH)2 nanoparticles at angles of 2θ (°) 17.82, 28.54, 33.92. The 

acquisition of Ca(OH)2 crystalline phase products using top-down techniques is 76.70% with 

a size of 11.23 nm.  In addition to the main product, a crystal phase of CaO of 23.30% was 

also obtained which was identified at peaks of 2θ (°);32.04, 37.22, 53.78, and through 

calculations using the Debeye Scherrer equation obtained a particle size of 31.07 nm. 
 

Keywords: Calcium hydroxide (Ca(OH)2) nanoparticles, Calcination, Debeye Scherrer equation, Purebred 

chicken eggshell waste, Top-down techniques,  

 

1. INTRODUCTION 

 

Purebred chicken eggs are foods that are recommended to many people because they 

have a caloric value of 70 calories/chicken eggs and nutritional values that are needed by the 

body such as choline 140 mg, potassium 40 mg, calcium 25 mg, sodium 60 mg, protein 6 g, 

fat 5 g, then after consumption will generally leave the remaining eggshells that are rarely 

used to accumulate as waste that disturbs the environment and ends up in landfills 

(Awogbemi et al., 2020; Yankes Kemkes, 2022). 

According to the report of De Angelis et al ( 2017), The problem of purebred chicken 

eggshell waste (PCEW) can be solved by processing and modifying it so that it can become a 

useful product. Scientific investigations have revealed that the eggshell of purebred chickens 

that have been considered waste in landfills can be recovered, reused, and regenerated to 

improve their usefulness, where PCEW weighs an average of about 5g–6g and crystals of 

calcium carbonate (CaCO3), magnesium carbonate (MgCO3), calcium phosphate (Ca3(PO4)2), 

and some organic substances (Tanpure et al., 2022). Purebred chicken eggshell waste that has 

been processed and used in various fields including adsorbents, catalysts, fertilizers, 

antibacterials, calcium hydroxide, and others (X. Chen et al., 2019; Djayasinga et al., 2022; 

Nurlaili et al., 2017; Purwanti and Heruwati, 2020; Siriprom et al., 2014).  

The high calcium carbonate content in PCEW is a potential material to be used as a 

variety of calcium hydroxide (Ca(OH)2) products, where this product is widely needed in 

fields such as biodegradable wastewater, antibacterial, denture-making materials, electronic 

equipment, and others (Nguyen et al., 2019; Nishanthi and Ravindran, 2020; Wang et al., 

2023; Yousefshahi et al., 2018). 

Many studies have been conducted to process PCEW into useful products such as 

those conducted by Johnson Jeyakumar et al ( 2023), synthesizing nanohydroxyapatite for 
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bone graft applications in vitro, a heterogeneous catalyst used for the manufacture of biodiesel 

(Ali et al., 2021; Buasri et al., 2013; Tan et al., 2015), Improving the quality of compost 

(Costa et al., 2017; Lee et al., 2022), as an ingredient for the improvement of biogas products 

(Andrade Cruz et al., 2022), Antibacterial (Nath et al., 2021; Tao and Huang, 2022),  

However, from previous studies, researchers still identified no manufacture of calcium 

hydroxide nanoparticles made from PCEW raw materials using a top-down technique with a 

two-stage calcination process, where the first stage of PCEW decomposition at 600 °C and 

the second stage at 900 °C.  Therefore, the contribution of this research is to add information 

on the method of making Ca(OH)2 nanoparticles made from PCEW raw materials. 

The purpose of this study is to make Ca(OH)2 nanoparticles made from PCEW raw 

materials, so this research has contributed to the handling of environmental waste. The 

selection of techniques and methods for making Ca(OH)2 nanoparticles is based on the 

advantages obtained, namely the Ca(OH)2 nanoparticle products obtained are nano-sized and 

relatively quiet lot, PCEW processing equipment is simple and easy to obtain, do not use 

other chemicals so that the costs required are relatively economical. 

 

2. LITERATURE REVIEW  

In general, nanoparticles are defined as particles that have a size from one to one 

hundred nanometers and have relatively different properties to the same material in a 

relatively larger size (Alok et al., 2013; Auffan et al., 2009; Christian et al., 2008). Many new 

nanoparticles have been created through emerging nanotechnology in the 21st century and 

have been used in fields such as pharmaceuticals, medicine, optics, energy, mechanics, and 

electronics in recent years (Kumar et al., 2023). Among the new materials include calcium 

hydroxide nanoparticles that are applied as antimicrobials (Perepelkin et al., 2023; Yeasmin et 

al., 2023), catalysis (T. Chen et al., 2023; Tong et al., 2023), drug delivery (Kurawattimath et 

al., 2023), solar cells (Schuster et al., 2015), semiconductor materials (Kubiak et al., 2023). 

Nanoparticle manufacturing methods are grouped into two techniques: bottom-up and 

top-down (Torres et al., 2022). The bottom-up method has an important process, namely 

crystal growth.  Many methods of making Ca(OH)2 nanoparticles with this bottom-up 

technique include the ion exchange method (Yang et al., 2020), sol-gel (Sierra-Fernandez et 

al., 2019), and Precipitation (Zhang et al., 2023). Furthermore, Dinda et al (2020) applied top-

down methods mechanically to the manufacture of Ca(OH)2 nanoparticles. 

The advantage of the bottom-up method in making nanoparticles is that the size 

distribution of nanoparticle products tends to be homogeneous with a size scale from very 

small to large, while the disadvantage of this method is that there are many obstacles when 

nanoparticles are produced in large quantities (Paramasivam et al., 2021). Nanoparticles made 

using the top-down method have the advantage of being able to be produced in relatively 

larger quantities, while this method has the disadvantage of being difficult to control the shape 

and size of nanoparticles (Baig et al., 2021). 

 

3. METHOD  

This research was conducted in August 2022, using raw materials for purebred 

chicken eggshell waste obtained from fried rice sellers in the Bandar Lampung city area, 

Indonesia.  The instrumentation used includes mortar and porcelain samples, muffle furnace 

Lenton type UAF 16/10, and XRD-6000 Schimadzu. Figure 1 informs the manufacturing 

process of Ca(OH)2 nanoparticles. 

The manufacture of Ca(OH)2 nanoparticles begins by collecting PCEW from goring 

rice traders, then PCEW is crushed using a mortar and a porcelain stampler, then after fine 

continued with the temperature calcination process of 600 °C with a temperature increase of 5 

°C/minute, and after the temperature is reached, then this temperature is maintained for 10 
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hours, then the instrumentation is activated.  A little later calcination continued like the first 

stage, but in this second stage, the temperature reached 900 °C. 

 
Figure 1. The Flow of Synthesis of Ca(OH)2 Nanoparticle Powder.  

 

4. RESULTS AND DISCUSSION 

 
Figure 2. (a) Temperature Calcination Result at 600 °C, and (b) at 900 °C. 

Figure 2 (a) is a calcined product of chicken eggshell powder, the taste appears gray, 

indicating that there is still a lot of carbon that has not been separated, and Figure 2 (b) is 

white, indicating that Ca(OH)2 has been formed.  

Furthermore, the calcination results in Figure 2 (b), analyzed crystal phase 

composition using XRD instrumentation, and then the data obtained from scanning using 

XRD instrumentation were characterized using Match software! Crystal Impact version 3.1.5 

build 247 (Karlshrue, 2006; Putz, 2022). Diffractogram comparison of XRD PCEW powder 

before calcining and after calcination is shown in figures 3 and 4 below; 

 
Figure 3. XRD PCEW diffractogram before calcination, where peak  

D is the crystal phase of calcite. 
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(CaCO3), C are the peaks of the crystalline phase  

of copper(II) hypophosphite (CuH4O4P2)  

The characterization information obtained from the results of the XRD PCEW 

diffractogram before and after calcination as shown in Figures 3 and 4, is presented in Table 1 

below. 

 
Figure 4.  XRD PCEW diffractogram after calcination,  where the peaks  

B are the crystal phase of calcium hydroxide (Ca(OH)2) 

 nanoparticles, A are the peaks of the crystalline phase of  

calcium oxide (CaO) nanoparticles. 

Based on Figure 3 (b), the percentage of CaCO3 content in non-calcined FCEW is 

87.70%, CuH4O4P2 is 12.30%, then in Figure 3 (c) is the percentage of the constituent atoms 

of each compound, where Ca atoms are 35.10%, C 10.50%, Cu 4.10%, P 4%, and O 45.10%. 

Ca(OH)2 products of 76.70% and 23.30% were obtained from the calcination of 900 

°C FCEW powder as shown in Figure 4 (b), further, each percentage of crystalline phase 

constituent atoms is informed in Figure 4 (c), where Ca atoms 58.10%, O 39.80%. 

Table 1. Noncalcined FCEW Crystal Phase Peaks 

Crystalline Phases of 

Non-Calcined Samples 

Analysis Results  

COD ID (Crystallography Open Data 

Base Identity)  

Researchers  
2 θ (°) 

CaCO3 23.22 29.49 39.61 COD-96-900-9669 
 

CIF-9009668 (Sitepu et al., 2005) 

CuH4O4P2 26.52 29.25 35.50 COD-96-224-1204 CIF-2241203 

 

(Naumov et al., 2002) 

  

Significant peaks of the crystalline phase of calcite (CaCO3) contained in noncalcined 

FCEW powder identified at 2θ (°); 23.22, 29.49, 39.61 are sufficient (Sitepu et al., 2005). In 

addition, FCEW powder has a crystalline phase of copper(II) hypophosphite identified at 

peaks 26.52, 29.25, and 35.50 (Naumov et al., 2002). 

Table 2. PCEW Crystal Phase Peaks Calcining at 900 °𝐶 

Crystalline Phases of 

Calcined Samples  

at 900 °C 

Analysis Results 

COD ID  Researchers 
2 θ (°) 

Ca(OH)2 17.82 28.54 33.92 COD-96-900-0114 
 

CIF-0000117 (Nielsen et al., 2012) 

CaO 32.04 37.22 53.78 COD-96-156-3197 CIF-1563199 (Oftedal, 1927) 

Ca(OH)2 products made from PCEW are known based on the appearance of 

characteristic peaks at an angle of 2θ (°); 17.82, 28.54, 33.92 which refer to previous studies 



Seminar Nasional Industri dan Teknologi (SNIT), Politeknik Negeri Bengkalis 

September 2023, hlm. 5 - 1 
 

(Nielsen et al., 2012),  In addition to these products, there are also CaO products, where the 

characteristics of significant peaks resemble those carried out by Oftedal (1927) where the 

crystal phase is identified at angle 2θ (°); 32.04, 37.22, 53.78. 

The nanoparticle size of the Ca(OH)2 and CaO products was calculated using the 

Debeye Scherrer equation (Tamura and Gilbert, 2013). 

𝐷 =
𝑘 𝜆

𝛽 𝑐𝑜𝑠𝜃
 ………………………………………………………………………………….. (1) 

Where D = crystal phase size (nm), k  = shape constant valued at 0.9 – 1, λ = X-ray 

wavelength used = 1.542 nm, 𝛽 = Measurement result of half the maximum peak width 

height (in radians, 𝛼 ° 
𝜋

180°
 𝑥 FWHM (Full Width Half Maximum), 𝛼 ° = Bragg angle). From 

these calculations, the crystal phase size of Ca(OH)2 is 11.23 nm and CaO is 31.07 nm. 

 

5. CONCLUSION  

In this study, PCEW raw materials can be used to make calcium hydroxide (Ca(OH)2) 

nanoparticles with top-down techniques.  The results showed that Ca(OH)2 had formed as 

much as 76.70% with a size of 11.23 nm. A series of two-stage calcining activities have been 

able to support the formation of Ca(OH)2 nanoparticles through a thermal decomposition 

process. 

Through the findings obtained in this study, the application of top-down techniques 

with a two-stage calcination process can be a consideration to be implemented.  Further 

research that examines the application of Ca(OH)2 nanoparticles made from PCEW raw 

materials can be carried out in various fields. 

  

6. Bibliography 

Ali, N. A., Khairuddin, N., and Siddique, B. M. (2021). Eggshell waste as a catalyst for 

biodiesel production: A preliminary study. IOP Conference Series: Materials Science 

and Engineering, 1195(1), 012043. https://doi.org/10.1088/1757-899x/1195/1/012043 

Alok, A., Kishore, M., Panat, S., Upadhyay, N., Agarwal, N., and Aggarwal, A. (2013). 

Nanotechnology: A boon in oral cancer diagnosis and therapeutics. SRM Journal of 

Research in Dental Sciences, 4(4), 154. https://doi.org/10.4103/0976-433x.125591 

Andrade Cruz, I., Andrade, L. R. S., Jesus, A. A. de, Vasconcelos, B. R. de, Bharagava, R. N., 

Bilal, M., Figueiredo, R. T., Souza, R. L. de, and Romanholo Ferreira, L. F. (2022). 

Potential of eggshell waste derived calcium for sustainable production of biogas from 

cassava wastewater. Journal of Environmental Management, 321, 116000. 

https://doi.org/https://doi.org/10.1016/j.jenvman.2022.116000 

Auffan, M., Rose, J., Bottero, J. Y., Lowry, G. V., Jolivet, J. P., and Wiesner, M. R. (2009). 

Towards a definition of inorganic nanoparticles from an environmental, health and safety 

perspective. Nature Nanotechnology, 4(10), 634–641. 

https://doi.org/10.1038/nnano.2009.242 

Awogbemi, O., Inambao, F., and Onuh, E. I. (2020). Modification and characterization of 

chicken eggshell for possible catalytic applications. Heliyon, 6(10), 0–6. 

https://doi.org/10.1016/j.heliyon.2020.e05283 

Baig, N., Kammakakam, I., and Falath, W. (2021). Nanomaterials: a review of synthesis 

methods, properties, recent progress, and challenges. Materials Advances, 2(6), 1821–

1871. https://doi.org/10.1039/D0MA00807A 

Buasri, A., Chaiyut, N., Loryuenyong, V., Wongweang, C., and Khamsrisuk, S. (2013). 

Application of eggshell wastes as a heterogeneous catalyst for biodiesel production. 

Sustainable Energy, 1, 7–13. https://doi.org/10.12691/rse-1-2-1 



Seminar Nasional Industri dan Teknologi (SNIT), Politeknik Negeri Bengkalis 

September 2023, hlm. 6 - 1 
 

Chen, T., Peng, Y., Qiu, M., Yi, C., and Xu, Z. (2023). Heterogenization of homogeneous 

catalysts in polymer nanoparticles: From easier recovery and reuse to more efficient 

catalysis. Coordination Chemistry Reviews, 489, 215195. 

https://doi.org/https://doi.org/10.1016/j.ccr.2023.215195 

Chen, X., Li, X., He, Z., Hou, Z., Xu, G., Yang, N., and Zheng, J. (2019). Comparative study 

of eggshell antibacterial effectivity in precocial and  altricial birds using Escherichia coli. 

PloS One, 14(7), e0220054. https://doi.org/10.1371/journal.pone.0220054 

Christian, P., Von Der Kammer, F., Baalousha, M., and Hofmann, T. (2008). Nanoparticles: 

Structure, properties, preparation and behaviour in environmental media. Ecotoxicology, 

17(5), 326–343. https://doi.org/10.1007/s10646-008-0213-1 

Costa, M. S. S. de M., Bernardi, F. H., Costa, L. A. de M., Pereira, D. C., Lorin, H. E. F., 

Rozatti, M. A. T., and Carneiro, L. J. (2017). Composting as a cleaner strategy to broiler 

agro-industrial wastes: Selecting carbon source to optimize the process and improve the 

quality of the final compost. Journal of Cleaner Production, 142, 2084–2092. 

https://doi.org/https://doi.org/10.1016/j.jclepro.2016.11.075 

Dinda, S., Bhagavatam, A., Alrehaili, H., and Dinda, G. P. (2020). Mechanochemical 

synthesis of nanocrystalline hydroxyapatite from Ca(H2 PO4)2 .H2 O, CaO, Ca(OH)2, 

and P2 O5 mixtures. Nanomaterials, 10(11), 1–10. 

https://doi.org/10.3390/nano10112232 

Djayasinga, R., Setiawan, A., Purnomo, A., Amien, A. Z., and Hartanti, H. (2022). Utilization 

of Breed Chicken Eggshells for Biodiesel Preparation from Waste Cooking Oil. Journal 

of Multidisciplinary Applied Natural Science, 2(1), 41–46. 

https://doi.org/10.47352/jmans.2774-3047.90 

Karlshrue, F. (2006). NIST Inorganic Crystal Structure Database (ICSD), National Institute 

of Standards and Technology. https://doi.org/10.18434/M32147 

Kubiak, A., Rozmanowski, T., Gabała, E., and Krawczyk, P. (2023). Insight into the LED-

induced deposition of Pt nanoparticles on a graphite matrix: Unravelling the 

photodeposition processes on materials different than semiconductors. Journal of 

Photochemistry and Photobiology A: Chemistry, 441, 114744. 

https://doi.org/https://doi.org/10.1016/j.jphotochem.2023.114744 

Kumar, S., Kumar, B., Sehgal, R., Wani, M. F., Kumar, D., Sharma, M. D., Singh, V., Sehgal, 

R., and Kumar, V. (2023). Advantages and Disadvantages of Metal Nanoparticles BT  - 

Nanoparticles Reinforced Metal Nanocomposites: Mechanical Performance and 

Durability (S. K. Tiwari, V. Kumar, & S. Thomas (eds.); pp. 209–235). Springer Nature 

Singapore. https://doi.org/10.1007/978-981-19-9729-7_7 

Kurawattimath, V., Wilson, B., and Geetha, K. M. (2023). Nanoparticle-based drug delivery 

across the blood-brain barrier for treating malignant brain glioma. OpenNano, 10, 

100128. https://doi.org/https://doi.org/10.1016/j.onano.2023.100128 

Lee, J.-I., Kim, J.-M., Yoo, S.-C., Jho, E. H., Lee, C.-G., and Park, S.-J. (2022). Restoring 

phosphorus from water to soil: Using calcined eggshells for P adsorption and subsequent 

application of the adsorbent as a P fertilizer. Chemosphere, 287, 132267. 

https://doi.org/https://doi.org/10.1016/j.chemosphere.2021.132267 

Nath, D., Jangid, K., Susaniya, A., Kumar, R., and Vaish, R. (2021). Eggshell derived CaO-

Portland cement antibacterial composites. Composites Part C: Open Access, 5. 

https://doi.org/10.1016/J.JCOMC.2021.100123 

Naumov, D. Y., Naumova, M. I., Kuratieva, N. V, Boldyreva, E. V, and Howard, J. A. K. 



Seminar Nasional Industri dan Teknologi (SNIT), Politeknik Negeri Bengkalis 

September 2023, hlm. 7 - 1 
 

(2002). Copper(II) hypophosphite: the alpha- and beta-forms at 270 and 100 K, and the  

gamma-form at 270 K. Acta Crystallographica. Section C, Crystal Structure 

Communications, 58(Pt 5), i55-60. https://doi.org/10.1107/s0108270102005176 

Nguyen, C. V, Thuan, D. V, Phuc, H. V, Hoi, B. D., Hieu, N. N., Amin, B., and Pham, K. D. 

(2019). Strain and electric field engineering of electronic structures and Schottky contact 

of layered graphene/Ca(OH)2 heterostructure. Superlattices and Microstructures, 133, 

106185. https://doi.org/https://doi.org/10.1016/j.spmi.2019.106185 

Nielsen, R. B., Norby, P., Kongshaug, K. O., and Fjellvåg, H. (2012). Synthesis, crystal 

structure and thermal properties of Ca6(C12H14O4)4(CO3)(OH)2(H2O)x – a 3D 

inorganic hybrid material. Dalton Transactions, 41(39), 12082. 

https://doi.org/10.1039/c2dt30651d 

Nishanthi, R., and Ravindran, V. (2020). Role of Calcium Hydroxide in Dentistry: A Review. 

International Journal of Pharmaceutical Research, 12(02). 

https://doi.org/10.31838/ijpr/2020.12.02.377 

Nurlaili, T., Kurniasari, L., and Ratnani, R. D. (2017). Pemanfaatan Limbah Cangkang Telur 

Ayam Sebagai Adsorben Zat Warna Methyl Orange Dalam Larutan. Jurnal Inovasi 

Teknik Kimia, 2(2). https://doi.org/10.31942/inteka.v2i2.1938 

Oftedal, I. (1927). Die Gitterkonstanten von Ca O, Ca S, Ca Se, Ca Te. Zeitschrift Fuer 

Physikalische Chemie (Leipzig), 128, 135–158. https://chemport-n.cas.org//chemport-

n/?APP=ftslink&action=reflink&origin=wiley&version=1.0&coi=1%3ACAS%3A528%

3ADyaB2sXivFWrtg%253D%253D&md5=4be87f3626ba580f850d2e62597c065f 

Paramasivam, G., Palem, V. V., Sundaram, T., Sundaram, V., Kishore, S. C., and Bellucci, S. 

(2021). Nanomaterials: Synthesis and Applications in Theranostics. Nanomaterials 

(Basel, Switzerland), 11(12). https://doi.org/10.3390/nano11123228 

Perepelkin, E. I., Sinolits, M. A., Badun, G. A., Chernysheva, M. G., Anuchina, N. M., 

Abramchuk, S. S., Levin, E. E., Bakuleva, N. P., Popov, D. A., and Chaschin, I. S. 

(2023). Composite chitosan-based nanoparticles as a basis for innovative antimicrobial 

coating for bioprosthesis: Preparation and application using carbonic acid as a “green” 

self-neutralizing solvent. European Polymer Journal, 193, 112104. 

https://doi.org/https://doi.org/10.1016/j.eurpolymj.2023.112104 

Purwanti, H., and Heruwati, Y. (2020). Chicken Eggshell Waste as a Vegetable Breeding 

Media at the Culinary Department of SMK Negeri 4 Yogyakarta. Journal of Vocational 

Education Studies, 3(1), 19. https://doi.org/10.12928/joves.v3i1.1367 

Putz, H. (2022). Match! for Phase Analysis Using Powder Difraction Version 3.15. 

Schuster, M., Distaso, M., Möckel, S. A., Künecke, U., Peukert, W., and Wellmann, P. J. 

(2015). Synthesis of In2Se3 and Cu2-xSe Micro- and Nanoparticles with Microwave-

Assisted Solvothermal and Aqueous Redox Reactions for the Preparation and 

Stabilization of Printable Precursors for a CuInSe2 Solar Cell Absorber Layer. Energy 

Procedia, 84, 62–70. https://doi.org/https://doi.org/10.1016/j.egypro.2015.12.296 

Sierra-Fernandez, A., De la Rosa-García, S. C., Yañez-Macías, R., Guerrero-Sanchez, C., 

Gomez-Villalba, L. S., Gómez-Cornelio, S., Rabanal, M. E., Schubert, U. S., Fort, R., 

and Quintana, P. (2019). Sol–gel synthesis of Mg(OH)2 and Ca(OH)2 nanoparticles: a 

comparative study of their antifungal activity in partially quaternized p(DMAEMA) 

nanocomposite films. Journal of Sol-Gel Science and Technology, 89(1), 310–321. 

https://doi.org/10.1007/s10971-018-4890-9 

Siriprom, W., Teanchai, K., Kirdsiri, K., and Kaewkhao, J. (2014). Characterization of 



Seminar Nasional Industri dan Teknologi (SNIT), Politeknik Negeri Bengkalis 

September 2023, hlm. 8 - 1 
 

Calcium Hydroxide Derived from Waste Eggshell upon Moisture Effect. Advanced 

Materials Research, 979, 435–439. 

https://doi.org/10.4028/www.scientific.net/AMR.979.435 

Sitepu, H., O’Connor, B. H., and Li, D. (2005). Comparative evaluation of the March and 

generalized spherical harmonic preferred orientation models using X-ray diffraction data 

for molybdite and calcite powders. Journal of Applied Crystallography, 38(1), 158–167. 

https://doi.org/10.1107/S0021889804031231 

Tamura, N., and Gilbert, P. U. P. A. (2013). Chapter Twenty-One - X-Ray Microdiffraction 

of Biominerals. In J. J. B. T.-M. in E. De Yoreo (Ed.), Research Methods in 

Biomineralization Science (Vol. 532, pp. 501–531). Academic Press. 

https://doi.org/https://doi.org/10.1016/B978-0-12-416617-2.00021-7 

Tan, Y. H., Abdullah, M. O., Nolasco-Hipolito, C., and Taufiq-Yap, Y. H. (2015). Waste 

ostrich- and chicken-eggshells as heterogeneous base catalyst for biodiesel production 

from used cooking oil: Catalyst characterization and biodiesel yield performance. 

Applied Energy, 160, 58–70. 

https://doi.org/https://doi.org/10.1016/j.apenergy.2015.09.023 

Tanpure, S., Ghanwat, V., Shinde, B., Tanpure, K., and Lawande, S. (2022). The Eggshell 

Waste Transformed Green and Efficient Synthesis of K-Ca(OH)2 Catalyst for Room 

Temperature Synthesis of Chalcones. Polycyclic Aromatic Compounds, 42(4), 1322–

1340. https://doi.org/10.1080/10406638.2020.1776740 

Tao, M., and Huang, K. (2022). Biobased Chicken Eggshell Powder for Efficient Delivery of 

Low-Dose Silver Nanoparticles (AgNPs) to Enhance Their Antimicrobial Activities 

against Foodborne Pathogens and Biofilms. ACS Applied Bio Materials, 5(9), 4390–

4399. https://doi.org/10.1021/acsabm.2c00546 

Tong, L., Fan, L., and Liang, H.-W. (2023). Platinum intermetallic nanoparticle cathode 

catalysts for proton-exchange-membrane fuel cells: Synthesis and ordering effect. 

Current Opinion in Electrochemistry, 39, 101281. 

https://doi.org/https://doi.org/10.1016/j.coelec.2023.101281 

Torres, W. S., Alcantara, A. S., Bini, R. D., Alvim, M. B., Santos, M. C., Cótica, L. F., and 

Rocco, D. L. (2022). Top-down and bottom-up approaches to obtain magnetic 

nanoparticle of Fe3O4 compound: Pulsed laser deposition and chemical route. Materials 

Chemistry and Physics, 290, 126511. 

https://doi.org/https://doi.org/10.1016/j.matchemphys.2022.126511 

Wang, K., Peng, N., Zhang, D., Zhou, H., Gu, J., Huang, J., Liu, C., Chen, Y., Liu, Y., and 

Sun, J. (2023). Efficient removal of methylene blue using Ca(OH)2 modified biochar 

derived from rice straw. Environmental Technology and Innovation, 31(139), 103145. 

https://doi.org/10.1016/j.eti.2023.103145 

Yang, C.-Y., Wang, Y.-C., Wang, T.-C., Chang, Y.-C., Lin, Y.-C., Chen, P.-F., Huang, W.-J., 

Wen, H.-Y., Lin, Y.-M., Kuo, W.-S., Wang, Y.-T., and Huang, K.-S. (2020). Facile 

synthesis of highly tunable monodispersed calcium hydroxide composite particles by 

using a two-step ion exchange reaction. RSC Advances, 10, 13700–13707. 

https://doi.org/10.1039/D0RA01275K 

Yankes Kemkes. (2022). Manfaat Telur sebagai Nutrisi bagi Tumbuh dan Kembang Anak 

Usia Dini. https://yankes.kemkes.go.id/view_artikel/1602/manfaat-telur-sebagai-nutrisi-

bagi-tumbuh-dan-kembang-anak-usia-dini 

Yeasmin, R., Zhang, H., Zhang, H., and Zhu, J. (2023). Activation of silver nanoparticles by 



Seminar Nasional Industri dan Teknologi (SNIT), Politeknik Negeri Bengkalis 

September 2023, hlm. 9 - 1 
 

hydrophilic encapsulation for antimicrobial powder coated surfaces. Progress in Organic 

Coatings, 182, 107615. https://doi.org/https://doi.org/10.1016/j.porgcoat.2023.107615 

Yousefshahi, H., Aminsobhani, M., Shokri, M., and Shahbazi, R. (2018). Anti-bacterial 

properties of calcium hydroxide in combination with silver,  copper, zinc oxide or 

magnesium oxide. European Journal of Translational Myology, 28(3), 7545. 

https://doi.org/10.4081/ejtm.2018.7545 

Zhang, J., Zhang, J., Dong, X., Feng, Y., and Niu, J. (2023). Preparation of Ca(OH)2 

nanoparticles by impinging stream reaction precipitation method. The Canadian Journal 

of Chemical Engineering, n/a(n/a). https://doi.org/https://doi.org/10.1002/cjce.24979 

 


