
Abstract—Despite the enactment of the Philippine Clean Air 

Act over thirty years ago, effective control of air pollution 

remains a persistent challenge, particularly from vehicular 

emissions, which account for 20–35% of air pollutants. This 

study aims to explore sustainable alternatives for capturing 

vehicular emission pollutants using calcium oxide (CaO) derived 

from waste materials such as oyster shells, mussel shells, and 

chicken eggshells. These biomaterials were analyzed to determine 

their potential as low-cost and eco-friendly sorbents. X-Ray 

Fluorescence (XRF) was used to assess elemental composition, 

Fourier Transformed Infrared Spectroscopy (FTIR) to identify 

functional groups, and Thermo-Gravimetric Analysis (TGA) to 

evaluate thermal stability under simulated exhaust conditions. 

Results revealed that all samples contained high levels of calcium 

carbonate (CaCO₃ ), with mussel shells having the highest 

calcium concentration (38.371%). FTIR confirmed the presence 

of CaCO₃  functional groups, while TGA showed favorable 

thermal decomposition properties, particularly in mussel shells, 

which began decomposing above 600°C. The presence of 

hydroxyl compounds in mussel shells further suggests enhanced 

adsorption capabilities. Overall, mussel shells emerged as the 

most promising material for emission pollutant capture, but 

further testing in real-world conditions is recommended to 

validate their practical application in environmental pollution 

control systems. 
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I. INTRODUCTION 

In the Philippines, despite the enactment of the Clean Air 

Act three decades ago, comprehensive air pollution control 

remains elusive. Recent studies reveal that PM2.5 

concentrations in urban areas surpass the World Health 

Organization's recommended guidelines, with notable 

implications for public health [1]. The Western Pacific region, 

including the Philippines, exhibits the highest 

PM2.5-attributable mortality globally. Motor vehicles 

contribute significantly to this air pollution crisis, accounting 

for half of total CO2 emissions and substantial proportions of 

hydrocarbon and NOx emissions. Vehicular emissions are 

projected to double if current trends persist, making them a 

critical concern for air quality. 
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Diesel and gasoline, commonly used for their energy 

efficiency, pose environmental challenges due to the release of 

air pollutants and greenhouse gases. Recent estimates in the 

Philippines for 2008 indicate CO2 emissions of 30 million 

tons and 56 thousand tons of particulate matter, with 38 

percent originating from the transport sector's fuel combustion. 

If current trends persist, motorized vehicles and air pollutants 

are anticipated to double under the business-as-usual scenario. 

Presently, vehicular emission is the most dominant source of 

air pollutants, comprising 20–35% only in Metro Manila [2]. 

To address these environmental issues, this study investigates 

the potential of alkaline earth metal oxides, specifically 

calcium oxide (CaO), sourced from sustainable outlets like 

discarded seashells (oyster and mussels) and eggshells. These 

materials present a cost-efficient and environmentally friendly 

alternative to nonrenewable options like dolomite and 

limestone, which cause ecological damage during extraction. 

The research concentrates on seashells (oyster and mussels) 

and eggshells due to their abundant availability as biomaterials 

and their natural decomposition process. Through the 

characterization of these shells and an assessment of their 

efficacy in capturing CO2 and other emission pollutants, the 

study aims to provide valuable insights into sustainable 

approaches for addressing air pollution stemming from 

vehicular emissions in the Philippines. 

 

A. Objectives 

 The primary aim of this research is to analyze and 

characterize oyster, mussel, and chicken egg shells to assess 

their suitability for carbon capture and storage applications in 

engines. To accomplish this goal, the study will employ the 

following analysis: 

1. X-Ray Fluorescence Analysis: 

1.1 Determine the elemental composition of the shells. 

1.2 Identify the presence of elements that might enhance or 

hinder pollutant adsorption capacities. 

2. Fourier Transformed Infrared Spectroscopy: 

2.1 Identify the functional groups present on the shell’s 

surface, focusing on those with potential affinity for different 

pollutant types. 

3. Thermo-Gravimetric Analysis: 

3.1 Assess the thermal stability of the shells under simulated 

exhaust temperatures. 

4. Determine which shell has the most potential for emission 

pollutant capture 
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II. METHODS 

The methodology adopted in this study is designed to 

thoroughly evaluate oyster, mussel, and chicken eggshells as 

potential absorbents for emission pollutants. Using a 

systematic and multidisciplinary approach, the research 

explores the structural, chemical, and physical characteristics 

of these natural materials to assess their effectiveness in 

reducing environmental pollution. A variety of analytical 

techniques, including spectroscopy, microscopy, and chemical 

assays, will be used to examine the key properties that 

influence their ability to absorb pollutants. This detailed 

analysis aims to provide valuable insights into the potential 

use of these waste materials as sustainable and cost-effective 

solutions for pollutant capture and environmental protection. 

 

A. Flow of the Study 

The research methodology covers through a structured 

progression comprising two distinct phases: preparation and 

characterization. This methodical and systematic flow is 

designed to provide a comprehensive understanding of the 

investigated processes, each phase contributing significantly 

to the achievement of research objectives. 

 

 

 
Fig. 2-1. The Flow of the Study 

 
B. Research Design 

This study adopts a quantitative approach and applies a 

descriptive research design to thoroughly examine the 

chemical characteristics of oyster, mussel, and chicken 

eggshells in relation to their potential for capturing emission 

pollutants. X Ray Fluorescence (XRF) analysis is used to 

determine the elemental composition of the shells, focusing on 

elements relevant to pollutant absorption. Fourier Transform 

Infrared Spectroscopy (FTIR) identifies functional groups 

present on the shell surface, particularly those associated with 

contaminant binding. In addition, Thermogravimetric Analysis 

(TGA) assesses the thermal stability of the shells across a 

range of temperatures. Through this combined quantitative 

and descriptive approach, the study provides a detailed 

understanding of the composition and properties of oyster, 

mussel, and chicken eggshells, highlighting their potential as 

effective materials for emission pollutant capture. 

 

C. Research Instruments  

In this study, the characterization of oyster, mussel and 

chicken eggshell will be conducted using advanced analytical 

tools. X-Ray Fluorescence Analysis (XRF) will be employed 

to analyze the elemental composition of a material by 

measuring the X-rays emitted when the sample is bombarded 

with high-energy X-rays. It identifies and quantifies the 

elements present in the sample, typically down to parts per 

million (ppm) levels. Fourier Transform Infrared 

Spectroscopy (FTIR) will play a crucial role in the analysis of 

functional groups and chemical bonds present in the shell, 

aiding in the identification of specific molecular vibrations. 

Additionally, Thermogravimetric Analysis (TGA) will be an 

instrument in studying the material's thermal stability and 

decomposition behavior, offering crucial information on 

weight changes in response to varying temperatures of the 

engine. On the other hand, there will be a use of a drying oven 

to ensure controlled and uniform drying of samples, 

eliminating any moisture or volatile components before 

analysis.  

Collectively, these advanced analytical instruments 

contribute to a thorough understanding of the material's 

structural, chemical, and thermal properties. This 

comprehensive characterization is integral for evaluating the 

material's suitability for sustainable emission pollutant capture 

and its potential applications in exhaust systems. 

 

D. Gathering and Preparation of Oyster Shells 

 In the preliminary phase of the study, oyster, mussel and 

chicken egg shells will be gathered from a designated source 

and systematically prepared. This process involves cleaning, 

drying, and other necessary treatments to ensure the shells are 

ready for subsequent analysis, establishing the groundwork for 

an in-depth exploration of their potential as a emission 

pollutant absorbent. 

 

2.4.1. Collection of Oyster Shells 

The oyster, mussel and chicken egg shells will be collected 

in Libo, Tayud, Consolacion, Cebu, a region recognized for 

having a significant number of seashell farms, especially 

based on available statistics. Consolacion, in particular, stands 

out as a prominent hub for seashell cultivation in the northern 

part of Cebu. The selection of this location is intentional, 

aiming to conduct a comprehensive study on local seashells.  

 

2.4.2. Crushing 

The shells will undergo a crushing process, breaking them 

into small particles. This step is crucial to ensure a uniform 

firing area for the subsequent phase. Additionally, the 

crushing process will effectively eliminate foreign materials 

such as epibionts, seaweeds, and sediments, enhancing the 

purity and consistency of the shell particles. This preparation 

is essential to optimize the conditions for the upcoming 

analyzation of specimen. 
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2.4.3. Drying 

The oyster, mussel and chicken egg shells will undergo a 

two-step drying process to enhance their suitability for the 

study. Initially, they will be exposed to sunlight for 24 hours 

to eliminate external moisture and reduce internal moisture 

content. Following this, the shells will be subjected to a drying 

oven set at 150 degrees Celsius for an additional 24 hours. 

This step will serve the dual purpose of further removing any 

remaining moisture and ensuring the elimination of potential 

pathogens, bacteria, and other microorganisms that might 

influence the results. 

 

2.4.4. Sieving 

 Following the drying process, a precise sieving technique 

will be applied to the shells, specifically targeting a particle 

size of 75 micrometers. This operation aims to selectively 

separate particles, ensuring a uniform size range for further 

analysis and providing essential insights into the oyster shells' 

characteristics and suitability as an absorbent. 

 

E. Characterization of Oyster, Mussel and Chicken egg 

Shells 

The characterization of oyster, mussel and chicken egg 

shells involves examination of their structural, chemical, and 

physical properties to inform the subsequent stages of 

experimentation and optimize their potential as an absorbent. 

 

2.5.1. X-Ray Fluorescence Analysis 

X-Ray Fluorescence Analysis will identify the types and 

concentrations of elements in the shells, especially those 

relevant to pollutant capture. It will also assess the presence 

and abundance of elements that can enhance or hinder 

pollutant adsorption capacities. 

 

2.5.2. Fourier Transform Infrared Spectroscopy Analysis 

This tool will analyze the functional groups present on the 

surface of the shells, focusing on those with potential affinity 

for different types of pollutants. Additionally, it explores the 

potential contribution of organic matter and its functional 

groups to pollutant capture, providing insights into the overall 

pollutant adsorption capacity. 

 

2.5.3. Thermogravimetric Analysis 

Thermogravimetric Analysis will evaluate the thermal 

stability of the shells under simulated exhaust temperatures, 

providing information on the material's ability to withstand 

conditions in engine exhaust systems. Moreover, it will 

identify the temperature range at which significant pollutant 

release occurs, helping to understand the potential application 

and limitations of oyster shells in capturing and storing 

pollutants. 

III. RESULTS AND DISCUSSION 

To provide context regarding the elemental composition, 

functional groups, and thermal stability of the shells, data from 

various material testing techniques, including X-ray 

Fluorescence Analysis, Fourier Transform Infrared 

Spectroscopy, and Thermogravimetric Analysis, are provided. 

These data form the basis for the analysis and interpretation, 

thereby accomplishing the objectives of this study. 

 

A. Elemental Composition of the Shells 

X-ray fluorescence spectroscopy (XRF) analysis was 

conducted to determine the composition of oyster shell, 

mussel shell, and chicken eggshell, with the aim of evaluating 

their potential as sources of calcium carbonate. Each value 

reported is the average of three measurements. Calcium 

carbonate, denoted by the chemical formula CaCO3, consists 

of three main elements: carbon, oxygen, and calcium. This 

compound is commonly found in rocks worldwide, 

particularly as limestone [91]. Calcium carbonate (CaCO3) is 

effective as an adsorbent for air pollutants, particularly sulfur 

dioxide (SO2) and nitrogen oxides (NOx). This compound is 

used in processes like flue gas desulfurization, where it reacts 

with SO2 to form calcium sulfite or sulfate, thereby reducing 

the emission of these harmful gases. Additionally, calcium 

carbonate can neutralize acidic pollutants, contributing to 

improved air quality and reduced acid rain formation [92]. 

Eggshells are rich in mineral salts, primarily consisting of 

calcium carbonate, which accounts for about 94% of the shell 

[93]. Oyster shells are also mainly composed of calcium 

carbonate (CaCO3), approximately 96%, in the form of calcite 

and aragonite crystals [94]. Similarly, mussel shells are 

primarily made up of about 94% calcium carbonate [95]. The 

chemical composition of all three samples is predominantly 

calcium carbonate (CaCO3), with some impurities. 

 

Elemental content analysis was performed using Bruker S1 

TITAN 800 Handheld X-Ray Fluorescence (HXRF) with XRF 

parameters listed in Table III.I.  

 
TABLE III.I PARAMETERS USED FOR XRF ANALYSIS 

Parameters Parameter Type/ Value 

Application Geo Exploration (Auto) 

Test total duration 90 seconds 

Measurement units % conc. 

Replicates 3 

Maximum voltage 50 keV 

The summarized results of the XRF test for the samples 

(Chicken Eggshell, Oyster, and Mussel) are presented in 

Tables III.II to III.IV. The results displayed are averaged from 

three (3) measurements indicating the elemental 

concentrations and standard deviations in percent (% wt.). The 

spectra of the samples run at 30 kV and 50 kV are shown in 

Figures 3.1 to 3.3.  

 
TABLE III.I SUMMARIZED XRF RESULTS FOR THE SAMPLE 

CHICKEN EGGSHELL 
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Fig. 3.1.  XRF spectra of the sample Chicken Eggshell 

For the Chicken Eggshell, the concentration percentages 

are: Calcium 35.253% with a standard deviation of 083%, 

Chlorine 0.704%, Sulfur 1.240%, Phosphorus 0.560%, 

Strontium 0.058%, Chromium 0.008%, Nickel 0.005%, 

Copper 0.003%, and Manganese 0.003%. The oxide 

composition includes Aluminum Oxide 1.453%, Magnesium 

Oxide below the limit of detection, and Potassium Oxide 

0.307%. 

 
TABLE III.III. SUMMARIZED XRF RESULTS FOR THE SAMPLE 

OYSTER 

 

 

 

 
Fig. 3.2.XRF spectra of the sample Oyster 

   
Considering the common elements with higher 

concentrations that contribute significantly to pollutant 

adsorption, the concentration percentages in the Oyster shell 

are: Calcium 37.693% with the standard deviation of 0.087%, 

Chlorine 1.160%, Sulfur 0.408%, Phosphorus 0.412%, 

Strontium 0.074%, Chromium 0.008%, Nickel 0.005%, 

Copper 0.003%, and Manganese 0.012%. The oxide 

composition in Oyster shells includes Aluminum Oxide 

1.784%, Magnesium Oxide 0.966%, and Potassium Oxide 

0.088%. 
TABLE III.IV. SUMMARIZED XRF RESULTS FOR THE SAMPLE 

MUSSEL 

Element  Conc. [% 

wt.] 

Stddev [% 

wt.] 

Calcium Ca 38.371 0.088 

Aluminum Oxide Al2O3 1.674 0.258 

Magnesium Oxide MgO 1.542 0.998 

Chlorine Cl 0.739 0.026 

Sulfur S 0.155 0.018 

Strontium Sr 0.129 0.002 

Potassium Oxide K2O 0.088 0.007 

Chromium Cr 0.012 0.004 

Manganese Mn 0.005 0.003 

Nickel Ni 0.005 0.001 

Copper Cu 0.003 0.001 

 

Element  Conc. [% 

wt.] 

Stddev [% 

wt.] 

Calcium Ca 37.693 0.087 

Aluminum Oxide Al2O3 1.784 0.257 

Chlorine Cl 1.160 0.029 

Sulfur S 0.408 0.021 

Potassium Oxide K2O 0.088 0.006 

Iron Fe 0.081 0.008 

Strontium Sr 0.074 0.002 

Manganese Mn 0.012 0.003 

Chromium Cr 0.008 0.004 

Nickel Ni 0.005 0.001 

Copper Cu 0.003 0.001 

Zinc Zn 0.003 0.001 
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In the Mussel shell, the concentration percentages are: 

Calcium 38.371% with a standard deviation of 0.088%, 

Chlorine 0.739%, Sulfur 0.155%, Phosphorus 0.424%, 

Strontium 0.129%, Chromium 0.012%, Nickel 0.005%, 

Copper 0.003%, and Manganese 0.005%. The oxides in 

Mussel shells are Aluminum Oxide 1.764%, Magnesium 

Oxide 1.542%, and Potassium Oxide 0.088%. 

With the data shown above, oyster, mussel, and chicken 

eggshells all contain calcium as the highest concentration 

element. A higher percentage of calcium in these materials 

indicates a greater amount of calcium carbonate (CaCO3), 

which is used as an air pollutant adsorbent [91]. 

Chlorine's high reactivity, though having some potential 

benefits, can greatly worsen air quality by promoting the 

formation of harmful secondary pollutants. Managing chlorine 

emissions and exploring alternatives are essential strategies 

for achieving cleaner air [96]. Sulfur is a common component 

of acidic pollutants like sulfur dioxide (SO2). In materials 

such as oyster shells, egg shells, and mussel shells that contain 

calcium carbonate (CaCO3), sulfur can react with calcium to 

form calcium sulfate (CaSO4). This chemical reaction helps 

remove sulfur dioxide from the air by converting it into a less 

harmful compound [97]. MgO provides several advantages 

over traditional lime/limestone systems for SO2 removal, 

including higher reactivity, reduced scaling and fouling, lower 

slurry viscosity, and potential environmental benefits. These 

factors contribute to improved efficiency, lower maintenance 

costs, and overall better performance in Flue-Gas 

Desulfurization systems [98]. Aluminum oxide, potassium 

oxide, and other elements detected in trace amounts are 

unlikely to significantly influence the adsorption of common 

air pollutants. 

 

3.2. Thermal Stability of the Shells 

TGA analysis used to measure the change in weight of 

various shell materials as a function of temperature and hence 

reveal the decomposition patterns of the shells at the 

temperature range of 30 deg C to 800 deg C [99]. Thermal 

stability analysis was performed using Perkin Elmer TGA 

4000. The graphs obtained from the Thermogravimetric 

Analysis are presented in Figure 5.4 to 5.6. As shown in the 

figures, the variation seen in the thermal curve of the oyster, 

mussel, and chicken eggshell is due to the different structural 

compositions of the individual shells which has confirmed by 

the XRF analysis together with CaCO3. 

 

 

 
Fig. 3.4. TGA graph of the sample Chicken Eggshell 

 

Figure 3.4 depicts the TGA curve for powdered chicken 

eggshells, showcasing four stages of thermal decomposition 

behavior. The initial significant weight loss, occurring 

between 28.82 deg C and 200.89 deg C and amounting to 

0.47%, is primarily attributed to the evaporation of the 

sample's moisture content. Beyond this, a second notable 

decline at 574.49 deg C, resulting in a weight loss of 4.88%, is 

linked to the decomposition of organic materials within the 

sample. This observation is supported by a comprehensive 

study examining the thermal decomposition of proteins and 

lipids within the ranges of 209–309 deg C and 200–635 deg C, 

respectively [101]. Additionally, research indicates that the 

stability of calcium carbonate (CaCO3) from chicken 

eggshells persists within the temperature range of 250 deg C 

to 600 deg C [102, 103]. As the temperature escalates further 

to 782.97 deg C, a drastic 23.32 wt% drop is observed, 

primarily attributed to the liberation of carbon dioxide from 

CaCO3, consequently leaving behind CaO from the powdered 

chicken eggshells [104, 105]. 

 

 
Fig. 3.5. TGA graph of the sample Oyster shell 

 

The oyster shell decomposition pattern is shown in Figure 

C. Unlike the mussel and eggshell, the oyster shell 

decomposes in three distinct steps. The first degradation, 
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which occurs with a weight loss of 0.963%, is due to water 

evaporation from powdered oyster shells at temperatures 

ranging from 28.81°C to 192.54°C [113, 114]. As the 

temperature increases up to 531.64 deg C, a notable decrease 

in weight (3.18%) is observed due to the deterioration of 

volatile materials in the sample [115]. Further heating from 

531.64 deg C to 782 deg C results in a significant weight loss 

of 37.54%, attributed to the release of CO2 from CaCO3 [110, 

116]. This indicates that the crystalline structure of the oyster 

shell is composed almost exclusively of CaCO3, with no 

organic constituents found in either chicken eggshells or 

mussel shells [117]. 

 

 
Fig. 3.6. TGA graph of the sample Mussel shell 

Figure 3.6 illustrates the thermal decomposition behavior 

of powdered mussel shells, showcasing four stages of 

degradation. The initial weight loss of approximately 0.4% 

occurs between 28.77 deg C and 225.92 deg C, attributed to 

the loss of water molecules from the crushed mussel shells 

[106]. A study observed that mussel shell samples undergoing 

TGA testing at ambient temperatures up to 200 deg C 

exhibited around 0.4% weight loss due to the release of 

physically absorbed water. Increasing the temperature up to 

666.01 deg C resulted in an additional 6.294% weight loss, 

likely due to the oxidation and degradation of volatile 

materials [107]. A drastic weight loss of 21.98% was observed 

beyond 650 deg C, attributed to the decomposition of the 

mussel shells [107, 108]. This observation is supported by the 

study of K.H. Mo et al. (2018), which reported that 

temperatures between 600-850 deg C caused a more than 40 

wt% weight loss due to mussel shell decomposition [109, 

110]. Similarly, Chiou et al. observed that oyster shells were 

almost completely decomposed at temperatures over 760 deg 

C [110], while Mohamed et al. found a significant reduction in 

the weight of cockle shells when the temperature was 

increased from 700 deg C to 900 deg C, due to carbonate 

decomposition [111]. Safi et al. reported a similar pattern of 

weight loss with increasing temperature for seashells and 

typical limestone [112]. 

The major component of the four types of shells is 

calcium carbonate (CaCO3), which decomposes into calcium 

oxide (CaO) and carbon dioxide (CO2). The weight loss of 

about 37.54% in the shell sample is attributed to the release of 

CO2, which constitutes approximately 44% of the weight of 

CaCO3 during decomposition. The temperature at which each 

shell sample reaches the minimum thermal decomposition to 

CaO varies. For mussel and eggshells, an initial conversion to 

CaO begins at temperatures of 570 deg C and above. In 

contrast, oyster shells begin their initial conversion to CaO at a 

lower temperature of around 531 deg C. This difference is due 

to the distinct structural compositions of the shells and the 

varying levels of organic impurities present in some of the 

samples [117]. 

3.3 Identification of Compounds 

Functional group analysis was performed using Perkin 

Elmer FT-IR Spectrometer Frontier with FT-IR parameters 

listed in Table III.V. Baseline correction was applied to the 

spectrum to improve its quality without distorting the band 

intensities in the final spectrum. 

 
TABLE III.V PARAMETERS USED FOR FTIR ANALYSIS 

Parameters Parameter Type/Value   

Testing Equipment 
Perkin Elmer FT-IR 

Spectrometer Frontier   

Technique 
Attenuated Total Reflectance 

(ATR)   

Range 4000 – 600 cm-1 

No. of scans 20 

 
The infrared vibration spectra of the samples (Chicken 

Eggshell, Oyster, and Mussel) were identified to be the 

following as shown in Table III.VI. The compounds were 

determined by identifying the characteristic frequencies as 

absorption/transmittance bands in the infrared spectra of the 

samples and compared with the characteristic group 

frequencies of the reference compounds. The peak 

assignments are summarized in Table III.VII while the FT-IR 

spectra are shown in Figures 3.7 to 3.9, respectively. 

 
TABLE III.VI. NAME OF THE SAMPLE/S AND THE CORRESPONDING 

COMPOUND/S IDENTIFIED 

Name of Sample/s Compound/s Present 

Crushed Oyster Calcium Carbonate 

Mussel Calcium Carbonate and 

Hydroxyl- containing 

compounds 

Chicken Eggshell Calcium Carbonate 
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Fig.3.7. FT-IR spectrum of the Crushed Chicken Eggshell sample 

 
Fig. 3.8. FT-IR spectrum of the Crushed Oyster sample 

TABLE III.VII PEAK ASSIGNMENTS IN THE INFRARED SPECTRA 

OF THE SAMPLES 

 

(* References: [1] Spectrum Search Plus Library, Perkin Elmer. [2] 

Pretsch, E., et al. (2009), Structure Determination of Organic 

Compounds, 4th Ed., Springer – Verlag Berlin Heidelberg.) 

 

The FTIR spectra can be divided into three broad regions. 

The first region, from 4000 cm⁻ ¹ to 3000 cm⁻ ¹, represents 

hydrogen bonding. The second region, from 3000 cm⁻ ¹ to 

1500 cm⁻ ¹, shows functional groups. Meanwhile, the third 

region reveals the existence of biominerals [118]. Figure 5.7 

shows the IR spectrum of the chicken eggshell. The 

fundamental absorption bands at 712 cm⁻ ¹, 872 cm⁻ ¹, and 

1399 cm⁻ ¹ are indications of the asymmetric stretch, 

out-of-plane bend, and in-plane vibration of C-O bonds of 

CaCO₃ , respectively [119]. The small peak at 3276 cm⁻ ¹ is 

attributed to OH group stretching in Ca(OH)₂ , which forms 

upon the exposure of the shell to atmospheric moisture [120]. 

Similar spectral signals were observed for the mussel shell 

with absorption bands at 712 cm⁻ ¹, 858 cm⁻ ¹, and 1451 

cm⁻ ¹, attributed to the asymmetric stretching, out-of-plane 

bending, and in-plane vibration of the O-C-O bond of CaCO₃  

(7). The oyster shell has characteristic CO₃ ²⁻  absorption 

bands at 712 cm⁻ ¹, 875 cm⁻ ¹, and 1404 cm⁻ ¹ [120]. 

Based on a study determining compounds in IR spectra, 

the average calcium carbonate standard is typically found at 

1430 cm⁻ ¹. The figures indicate that the most significant peak 

intensities are as follows: for the chicken eggshell at 1398.29 

cm⁻ ¹, for the mussel shell at 1450.19 cm⁻ ¹, and for the oyster 

shell at 1403.63 cm⁻ ¹. These peaks signify the presence of 

calcium carbonate as they are close to the calcium carbonate 

standard [121]. Additionally, the observation by [120] noted 

that the band at 1430 cm⁻ ¹ is attributed to the stretching 

vibration of CaCO₃ . This finding is also confirmed by the 

Perkin Elmer Spectrum Search Plus Library. Comparing the 

three samples, it can be concluded that oyster and mussel 

shells have a higher trace of calcium carbonate due to their 

peaks being closer to the standard value. 

  Additionally, a sharp peak is also visible between 

711–875 cm⁻ ¹. According to [119], the observable peaks in 

this range can be associated with the presence of CaCO₃ . 

These peaks are attributed to the in-plane deformation and 

out-of-plane deformation modes of calcium carbonate, as 

described by Busca and Resini [123]. 

Moreover, the rounded peak in the region around 

3400-3200 cm-1 which can be seen at the mussel (3299 cm⁻ ¹) 

and chicken eggshell (3276 cm⁻ ¹) is where hydroxyl groups 

(O-H) appear. Hydroxyl groups are active centers in many 

catalytic reactions and can play an important role during 

catalyst preparation [119]. 

The FTIR analysis of the samples revealed the presence of 

two distinct compounds pertinent to the testing. Calcium 

Carbonate was prominently detected and identified in all three 

samples, namely the oyster, chicken eggshell, and mussel. 

However, Hydroxyl-containing compounds were exclusively 

observed in the Mussel sample, indicating a unique chemical 

composition compared to the other samples. 

IV. SUMMARY, CONCLUSION, AND RECCOMENDATION 

 The primary aim of this research is to analyze and 

characterize oyster, mussel, and chicken egg shells to assess 

their suitability for emission pollutant capture in engines. To 

address the objectives of the study, X-ray Fluorescence 

Analysis, Thermogravimetric Analysis, and Fourier Transform 

Infrared Spectroscopy were utilized to characterize the shells. 

The findings below align with the study's first, second, and 

third objectives. 
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4.1. Elemental composition of the shells 
X-ray fluorescence spectroscopy (XRF) analyzed oyster, 

mussel, and chicken eggshells to evaluate their potential as 

calcium carbonate sources. Calcium carbonate (CaCO3) is 

effective in adsorbing air pollutants like sulfur dioxide (SO2) 

and nitrogen oxides (NOx), reducing emissions and 

neutralizing acidic pollutants. Eggshells are 94% calcium 

carbonate, while oyster and mussel shells are around 96% and 

94% calcium carbonate, respectively. The primary element in 

all shells is calcium, indicating a high calcium carbonate 

content. Oyster shells contain 37.693% calcium, while mussel 

and chicken eggshells contain 38.371% and 35.253%, 

respectively. Other elements like chlorine, sulfur, and 

phosphorus contribute to pollutant adsorption. High chlorine 

reactivity can worsen air quality, but sulfur reacts with 

calcium carbonate to form less harmful compounds. 

Magnesium oxide (MgO) in shells improves efficiency in 

flue-gas desulfurization systems, enhancing pollutant removal. 

Trace elements like aluminum oxide and potassium oxide 

have minimal influence on pollutant adsorption. 

 

4.2. Identified Compounds with Potential Affinity for Emission 

Pollutants  

 The FTIR analysis categorizes into three regions: hydrogen 

bonding (4000 cm⁻ ¹ to 3000 cm⁻ ¹), functional groups (3000 

cm⁻ ¹ to 1500 cm⁻ ¹), and biominerals. Notably, in the 

chicken eggshell, absorption bands at 712 cm⁻ ¹, 872 cm⁻ ¹, 

and 1399 cm⁻ ¹ correspond to C-O bonds of CaCO₃ , with a 

minor peak at 3276 cm⁻ ¹ indicating Ca(OH)₂ . Similar 

signals in the mussel and oyster shells confirm the presence of 

CaCO₃ . The characteristic absorption bands at 712 cm⁻ ¹, 

875 cm⁻ ¹, and 1404 cm⁻ ¹ suggest the presence of CO₃ ²⁻  

ions. Peak intensities for calcium carbonate, found near 1430 

cm⁻ ¹, are highest in the chicken eggshell (1398.29 cm⁻ ¹), 

followed by the mussel shell (1450.19 cm⁻ ¹) and oyster shell 

(1403.63 cm⁻ ¹). Additionally, a sharp peak at 711–875 cm⁻ ¹ 

confirms the presence of CaCO₃ . Hydroxyl groups are 

evident in the mussel and chicken eggshell, suggesting their 

catalytic role. Overall, all samples contain calcium carbonate, 

while only the mussel shell exhibits hydroxyl-containing 

compounds. 

 
4.3. Thermal Stability of the Shells under Simulated 

Temperatures 

 Thermogravimetric Analysis (TGA) was conducted to 

analyze the weight change of chicken eggshell, oyster, and 

mussel as temperature varied from 30 °C to 800 °C using 

Perkin Elmer TGA 4000. The thermal curves differed due to 

varying structural compositions, confirmed by X-ray 

Fluorescence Analysis. Chicken eggshell decomposed in four 

stages, starting with 0.47% weight loss due to water 

evaporation. At 574.49°C, a 4.88% weight loss occurred due 

to organic impurities like protein, while calcium carbonate 

(CaCO3) remained stable between 250°C and 600°C. A 

significant drop of 23.32wt% at 782.97°C indicated CO2 

release from CaCO3 decomposition. Oyster shell decomposed 

in three steps, with a 0.963% weight loss from water 

evaporation. At 531.64°C, a 3.18% weight loss was observed 

due to volatile material degradation, followed by a 37.54wt% 

loss at 782°C from CaCO3 decomposition. Mussel shell 

decomposed in four stages, with a 0.4% initial weight loss 

from water evaporation and a significant 21.98% loss at 

temperatures beyond 600°C due to CaCO3 decomposition. 

The differences in decomposition temperatures are attributed 

to varying structural compositions and organic impurities. 

V. CONCLUSION 

In this study, oyster shells, mussel shells, and chicken 

eggshells were comprehensively characterized and evaluated 

for their potential as sustainable sorbents for emission 

pollutant capture in exhaust systems. The investigation 

encompassed X-ray Fluorescence Analysis (XRF), Fourier 

Transformed Infrared Spectroscopy (FTIR), 

Thermo-Gravimetric Analysis (TGA), and identification of 

compounds to determine their elemental composition, thermal 

stability, and adsorption capabilities. 

XRF analysis revealed that all three shell types 

predominantly consist of calcium carbonate (CaCO3), with 

minor impurities. Calcium, the primary constituent, plays a 

crucial role in pollutant adsorption due to the presence of 

CaCO3. Despite variations in elemental composition, calcium 

concentrations were relatively consistent among the shells, 

indicating their suitability for pollutant capture. While the 

presence of elements like sulfur and chlorine could enhance 

adsorption capacities or pose challenges, their quantities were 

within acceptable ranges. 

TGA analysis revealed the thermal behavior of the shells 

under simulated conditions. Oyster shells exhibited a distinct 

three-step decomposition pattern, suggesting a crystalline 

structure primarily composed of CaCO3. The decomposition 

of calcium carbonate to calcium oxide initiated within the 

temperature range of approximately 531°C to 782°C for oyster 

shells. Conversely, mussel and chicken eggshells displayed a 

four-step decomposition process, indicating structural 

disparities and differing levels of organic impurities. For 

mussel shells, the onset of calcium carbonate decomposition 

occurred within the temperature range of approximately 

225.92°C to 600.01°C. Similarly, for chicken eggshells, 

decomposition commenced at temperatures ranging from 

approximately 574.49°C to 782.97°C. The liberation of CO2 

during decomposition unequivocally affirmed the presence of 

CaCO3, an indispensable component for effective pollutant 

capture. 

FTIR analysis confirmed the presence of calcium carbonate 

in all three shell types. Characteristic absorption bands 

corresponding to CaCO3 were observed, validating their 

potential for pollutant adsorption. Additionally, 

hydroxyl-containing compounds were exclusively detected in 

mussel shells, suggesting unique chemical properties that 

could influence adsorption behavior. 

Based on the comprehensive analysis, mussel shells emerge 

as the most promising sorbent for emission pollutant capture. 

TGA data reveals their robust thermal stability, with 

decomposition of calcium carbonate initiating at temperatures 

above 600°C, ideal for high-temperature applications. XRF 

analysis indicates mussel shells' elemental composition, 
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primarily calcium, conducive to pollutant adsorption, while 

minor impurities like sulfur and chlorine remain within 

acceptable ranges. FTIR confirms the presence of calcium 

carbonate and unique hydroxyl-containing compounds in 

mussel shells, enhancing their adsorption capabilities. Overall, 

mussel shells offer the optimal combination of thermal 

stability, elemental composition, and functional groups for 

effective emission pollutant capture in exhaust systems. 

 

4.5. Recommendations 

 In accordance with the findings established in this study, the 

researchers of the study suggest the following: 

 Perform X-Ray Diffraction analysis to test the amount of 

calcium carbonate in the mussel shell, as this will 

provide precise data on the primary component, ensuring 

the shell's capacity for sorbent applications. 

 Perform Scanning Electron Microscopy analysis to 

determine the crystalline structure of the mussel shell, 

crucial for understanding its physical properties and 

optimizing its pollutant adsorption capacity. 

 Further investigate optimal processing methods to 

enhance the sorption capacity of mussel shells for 

emission pollutant capture 

 Investigate other processes, including the use of catalysts, 

to easily calcinate the calcium carbonate, breaking it 

down into calcium oxide and carbon dioxide, thereby 

enhancing the reactivity and adsorption potential  

 Investigate alternative methods for breaking down 

calcium carbonate into calcium oxide and carbon 

dioxide, to identify more efficient or cost-effective 

approaches  

 Develop and field-test sorbent-based instruments 

incorporating mussel shells for real-world pollutant 

capture, to evaluate their practical application and 

effectiveness in actual condition 

 Evaluate the effect of particle size and surface 

morphology on the adsorption efficiency of mussel shell 

sorbents, as these factors significantly influence the 

sorbent's capacity to capture pollutants. 

 Research the effectiveness of mussel shell sorbents in 

capturing a variety of pollutants, including sulfur dioxide 

(SO₂ ) and nitrogen oxides (NOx), to ensure their broad 

applicability and effectiveness. 

 
REFERENCES 

 
[1] Guinto, R. R., & Tantengco, T. G. (2022, April). Tackling air pollution 

in the Philippines - the lancet planetary health. The Lancet Planetary 

Health. 

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(22)0

0065-1/fulltext 

[2] Raji, K. (2024, January 2). 4 biggest environmental issues in the 

Philippines in 2024. Earth.Org. 

https://earth.org/environmental-issues-in-the-philippines/#:~:text=Air%

20Pollution&text=Going%20by%20World%20Health%20Organization

's,of%205%20%C2%B5g%2Fm%C2%B3. 

[3] DiSano, J. (2010). National Air Quality. 

[4] Ogunkunle, O. (2022, January 11). Air pollution and Fuel Combustion. 

https://encyclopedia.pub/entry/10108 

[5] St. Cholakov, G. (2019). Control of exhaust emissions from internal 

Combustion engine vehicles. University of Chemical Technology and 

Metallurgy, Sofia, Bulgaria 

[6] Antonini, J. Health Effects Associated with Welding. In Comprehensive 

Materials Processing; Elsevier: Amsterdam, The Netherlands, 2014; pp. 

49–70. 

https://doi.org/10.1016/B978-0-08-096532-1.00807-4 

[7] Wu, C.-W.; Chen, R.-H.; Pu, J.-Y.; Lin, T.-H. The influence of air–fuel 

ratio on engine performance and pollutant emission of an SI engine 

using ethanol–gasoline-blended fuels. Atmos. Environ. 2004, 38, 

7093–7100. 

https://doi.org/10.1016/j.atmosenv.2004.01.058 

[8] Heywood, J.B. Internal Combustion Engine Fundamentals, 2nd ed.; 

McGraw-Hill Education: New York, NY, USA, 2018; ISBN 

9781260116106. 

[9] Machado Corrêa, S.; Arbilla, G. Carbonyl emissions in diesel and 

biodiesel exhaust. Atmos. Environ. 2008, 42, 769–775. 

https://doi.org/10.1016/j.atmosenv.2007.09.073 

[10] Reşitoğlu, İ.A.; Altinişik, K.; Keskin, A. The pollutant emissions from 

diesel-engine vehicles and exhaust aftertreatment systems. Clean 

Technol. Environ. Policy 2015, 17, 15–27. 

https://doi.org/10.1007/s10098-014-0793-9 

[11] National Biodiesel Board Biodiesel emissions and health effects testing. 

In Bioenergy; Elsevier: Amsterdam, The Netherlands, 2020; pp. 

745–748. 

https://doi.org/10.1016/B978-0-12-815497-7.00038-5 

[12] Krzyzanowski, M.; Kuna-Dibbert, B.; Schneider, J. Health Effects of 

Transport-Related Air Pollution; Krzyzanowski, M., Ku-na-Dibbert, B., 

Schneider, J., Eds.; World Health Organization: Copenhagen, Denmark, 

2005; ISBN 92-890-1373-7. 

[13] Hoekman, S.K.; Robbins, C. Review of the effects of biodiesel on NOx 

emissions. Fuel Process. Technol. 2012, 96, 237–249. 

https://doi.org/10.1016/j.fuproc.2011.12.036 

[14] Boningari, T.; Smirniotis, P.G. Impact of nitrogen oxides on the 

environment and human health: Mn-based materials for the NOx 

abatement. Curr. Opin. Chem. Eng. 2016, 13, 133–141. 

https://doi.org/10.1016/j.coche.2016.09.004 

[15] Ramalingam, S.; Rajendran, S. Assessment of performance, 

combustion, and emission behavior of novel annona bio-diesel-operated 

diesel engine. In Advances in Eco-Fuels for a Sustainable Environment; 

Elsevier: Amsterdam, The Netherlands, 2019; pp. 391–405. 

https://doi.org/10.1016/B978-0-08-102728-8.00014-0 

[16] Lee, T.; Park, J.; Kwon, S.; Lee, J.; Kim, J. Variability in 

operation-based NOx emission factors with different test routes, and its 

effects on the real-driving emissions of light diesel vehicles. Sci. Total 

Environ. 2013, 461, 377–385. 

https://doi.org/10.1016/j.scitotenv.2013.05.015 

[17] Ogunkunle, O.; Ahmed, N.A. Exhaust emissions and engine 

performance analysis of a marine diesel engine fuelled with Parinari 

polyandra biodiesel-diesel blends. Energy Rep. 2020, 6, 2999–3007. 

[18] Tayari, S.; Abedi, R.; Rahi, A. Comparative assessment of engine 

performance and emissions fueled with three different biodiesel 

generations. Renew. Energy 2020, 147, 1058–1069. 

https://doi.org/10.1016/j.renene.2019.09.068 

[19] Stanek, L.W.; Brown, J.S. Air Pollution: Sources, Regulation, and 

Health Effects. In Reference Module in Biomedical Sciences; Elsevier: 

Amsterdam, The Netherlands, 2019. 

[20] Grewe, V.; Dahlmann, K.; Matthes, S.; Steinbrecht, W. Attributing 

ozone to NOx emissions: Implications for climate mitigation measures. 

Atmos. Environ. 2012, 59, 102–107. 

[21] Sarkar, D.K. Air Pollution Control. In Thermal Power Plant; Elsevier: 

Amsterdam, The Netherlands, 2015; pp. 479–522. 

[22] Speight, J.G. Process classification. In Standard Handbook of 

Petroleum and Natural Gas Engineering; Elsevier: Amsterdam, The 

Netherlands, 2019; pp. 219–276. 

https://doi.org/10.1016/B978-0-12-809570-6.00007-2 

[23] Perera, F. Pollution from Fossil-Fuel Combustion is the Leading 

Environmental Threat to Global Pediatric Health and Equity: Solutions 

Exist. Int. J. Environ. Res. Public Health 2017, 15, 16. 

https://doi.org/10.1016/B978-0-12-809570-6.00007-2 

[24] Hsieh, S., Li, F., Lin, P., Beck, D. E., Kirankumar, R., Wang, G., & 

Hsieh, S. (2021). CaO recovered from eggshell waste as a potential 

adsorbent for greenhouse gas CO2. Journal of Environmental 

6th CEBU International Congress on Science, Engineering, Social Sciences & Education (SESSE-26) March 25-27, 2026 Cebu (Philippines)

https://doi.org/10.17758/URUAE32.UA0326119 13

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(22)00065-1/fulltext
https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(22)00065-1/fulltext
https://earth.org/environmental-issues-in-the-philippines/#:~:text=Air Pollution&text=Going by World Health Organization's,of 5 µg%2Fm³
https://earth.org/environmental-issues-in-the-philippines/#:~:text=Air Pollution&text=Going by World Health Organization's,of 5 µg%2Fm³
https://earth.org/environmental-issues-in-the-philippines/#:~:text=Air Pollution&text=Going by World Health Organization's,of 5 µg%2Fm³
https://encyclopedia.pub/entry/10108
https://doi.org/10.1016/B978-0-08-096532-1.00807-4
https://doi.org/10.1016/B978-0-08-096532-1.00807-4
https://doi.org/10.1016/B978-0-08-096532-1.00807-4
https://doi.org/10.1016/j.atmosenv.2004.01.058
https://doi.org/10.1016/j.atmosenv.2004.01.058
https://doi.org/10.1016/j.atmosenv.2004.01.058
https://doi.org/10.1016/j.atmosenv.2004.01.058
https://doi.org/10.1016/j.atmosenv.2007.09.073
https://doi.org/10.1016/j.atmosenv.2007.09.073
https://doi.org/10.1007/s10098-014-0793-9
https://doi.org/10.1007/s10098-014-0793-9
https://doi.org/10.1007/s10098-014-0793-9
https://doi.org/10.1016/B978-0-12-815497-7.00038-5
https://doi.org/10.1016/B978-0-12-815497-7.00038-5
https://doi.org/10.1016/B978-0-12-815497-7.00038-5
https://doi.org/10.1016/j.fuproc.2011.12.036
https://doi.org/10.1016/j.fuproc.2011.12.036
https://doi.org/10.1016/j.coche.2016.09.004
https://doi.org/10.1016/j.coche.2016.09.004
https://doi.org/10.1016/j.coche.2016.09.004
https://doi.org/10.1016/B978-0-08-102728-8.00014-0
https://doi.org/10.1016/B978-0-08-102728-8.00014-0
https://doi.org/10.1016/B978-0-08-102728-8.00014-0
https://doi.org/10.1016/B978-0-08-102728-8.00014-0
https://doi.org/10.1016/j.scitotenv.2013.05.015
https://doi.org/10.1016/j.scitotenv.2013.05.015
https://doi.org/10.1016/j.scitotenv.2013.05.015
https://doi.org/10.1016/j.scitotenv.2013.05.015
https://doi.org/10.1016/j.renene.2019.09.068
https://doi.org/10.1016/j.renene.2019.09.068
https://doi.org/10.1016/j.renene.2019.09.068
https://doi.org/10.1016/B978-0-12-809570-6.00007-2
https://doi.org/10.1016/B978-0-12-809570-6.00007-2
https://doi.org/10.1016/B978-0-12-809570-6.00007-2
https://doi.org/10.1016/B978-0-12-809570-6.00007-2
https://doi.org/10.1016/B978-0-12-809570-6.00007-2
https://doi.org/10.1016/B978-0-12-809570-6.00007-2


Management, 297, 113430. 

https://doi.org/10.1016/j.jenvman.2021.113430 

[25] Hart, A., & Onyeaka, H. (2021). Eggshell and seashells biomaterials 

sorbent for carbon dioxide capture. In IntechOpen eBooks. 

https://doi.org/10.5772/intechopen.93870 

[26] Hart, A. (2020). Mini-review of waste shell-derived materials’ 

applications. Waste Management & Research, 38(5), 514–527. 

https://doi.org/10.1177/0734242x19897812 

[27] Ramakrishna, C., Chottitisupawong, T., Shin, E. J., Thriveni, T., & 

Ahn, J. W. (2019). Sustainable solutions for oyster shell waste 

recycling in Thailand and the Philippines. Recycling, 4(3), 35. 

https://doi.org/10.3390/recycling4030035 

[28] PCAARRD's Industry Strategic Science and Technology Plans. 

https://ispweb.pcaarrd.dost.gov.ph/oyster/ 

[29] Seminar report on the status of oyster culture in China, Indonesia, 

Malaysia, Philippines and Thailand. (n.d.). 

https://www.fao.org/3/AB717E/AB717E06.htm 

[30] Yoon, G., Kim, B., Kim, B., & Han, S. (2003). Chemical–mechanical 

characteristics of crushed oyster-shell. Waste Management, 23(9), 

825–834. https://doi.org/10.1016/s0956-053x(02)00159-9 

[31] Hamester, M. R. R., Balzer, P. S., & Becker, D. (2012). 

Characterization of calcium carbonate obtained from oyster and mussel 

shells and incorporation in polypropylene. Materials 

Research-ibero-american Journal of Materials, 15(2), 204–208. 

https://doi.org/10.1590/s1516-14392012005000014 

[32] Chou, J., Clement, G., Bursavich, B., Elbers, D., Cao, B., & Zhou, W. 

(2010). Rapid detection of toxic metals in non-crushed oyster shells by 

portable X-ray fluorescence spectrometry. Environmental Pollution, 

158(6), 2230–2234. https://doi.org/10.1016/j.envpol.2010.02.015 

[33] Techtalks. (2023, August 23). Characterization of materials: What 

techniques are used? ATRIA Innovation. 

https://www.atriainnovation.com/en/characterization-of-materials-what-

techniques-are-used/#:~:text=among%20other%20things.-,Importance

%20of%20materials%20characterization,electrical%20conductivity%2

0and%20corrosion%20resistance. 

[34] Manojkumar, R., Haranethra, S., Muralidharan, M. R., & Ramaprabhu, 

A. (2021). I.C. Engine emission reduction using catalytic converter by 

replacing the noble catalyst and using copper oxide as the catalyst. 

Materials Today: Proceedings, 45, 769–773. 

https://doi.org/10.1016/j.matpr.2020.02.804 

[35] Gao, N., Chen, K., & Quan, C. (2020). Development of CaO-based 

adsorbents loaded on charcoal for CO2 capture at high temperature. 

Fuel, 260, 116411. https://doi.org/10.1016/j.fuel.2019.116411 

[36] Characterization - MIT Department of Materials Science and 

Engineering. (2023, June 28). MIT Department of Materials Science 

and Engineering. 

https://dmse.mit.edu/research-impact/materials-research-type/characteri

zation/ 

[37] Oyedotun, T. D. T. (2018). X-ray fluorescence (XRF) in the 

investigation of the composition of earth materials: a review and an 

overview. Geology, Ecology, and Landscapes, 2(2), 148–154. 

https://doi.org/10.1080/24749508.2018.1452459 

[38] Shackley, M. S. (2011). X-Ray Fluorescence Spectrometry (XRF) in 

geoarchaeology. In Springer eBooks. 

https://doi.org/10.1007/978-1-4419-6886-9 

[39] Potts, P. J. (1987). X-ray fluorescence analysis: principles and practice 

of wavelength dispersive spectrometry. In Springer eBooks (pp. 

226–285). https://doi.org/10.1007/978-1-4615-3270-5_8 

[40] Handbook of Materials Characterization. (2018). In Springer eBooks. 

https://doi.org/10.1007/978-3-319-92955-2 

[41] Faix, O. (1992b). Fourier Transform Infrared Spectroscopy. In Springer 

series in wood science (pp. 233–241). 

https://doi.org/10.1007/978-3-642-74065-7_16 

[42] Ebnesajjad, S. (2011). Surface and material characterization techniques. 

In Elsevier eBooks (pp. 31–48). 

https://doi.org/10.1016/b978-1-4377-4461-3.10004-5 

[43] Singh, M. K., & Singh, A. K. (2022). Thermogravimetric analyzer. In 

Characterization of Polymers and Fibres (pp. 223–240). 

https://doi.org/10.1016/b978-0-12-823986-5.00015-4 

[44] Webdev. (2022, February 19). Thermogravimetric Analysis (TGA) - 

Types, Methods, Materials, Labs, FAQs | Aurigaresearch. Auriga 

Research | Testing Lab | NABL ISO/IEC 17025 Accredited | FSSAI 

Approved. 

https://aurigaresearch.com/pharmaceutical-testing/thermogravimetric-a

nalysis-tga/ 

[45] Saadatkhah, N., García, A. C., Ackermann, S. L. G., Leclerc, P., Latifi, 

M., Samih, S., Patience, G. S., & Chaouki, J. (2019). Experimental 

methods in chemical engineering: Thermogravimetric analysis—TGA. 

The Canadian Journal of Chemical Engineering, 98(1), 34–43. 

https://doi.org/10.1002/cjce.23673 

[46] Onojake, M. C. (2020). Chemical composition of edible Oyster and 

Thales shells  by X-ray fluorescence spectroscopy. 

https://delsunjse.com/index.php/njse/article/view/24 

 

[47] Ramakrishna, C., Chottitisupawong, T., Shin, E. J., Thriveni, T., & 

Ahn, J. W. (2019b). Sustainable solutions for oyster shell waste 

recycling in Thailand and the Philippines. Recycling, 4(3), 35. 

https://doi.org/10.3390/recycling4030035 

[48] Inthapanya, X., Wu, S., Han, Z., Zeng, G., Wu, M., & Yang, C. (2019). 

Adsorptive removal of anionic dye using calcined oyster shells: 

isotherms, kinetics, and thermodynamics. Environmental Science and 

Pollution Research, 26(6), 5944–5954. 

https://doi.org/10.1007/s11356-018-3980-0 

[49] Huang, Y., Lee, Y., Chiueh, P., & Lo, S. (2018). Microwave calcination 

of waste oyster shells for CO2 capture. Energy Procedia, 152, 

1242–1247. https://doi.org/10.1016/j.egypro.2018.09.176 

[50] Huang, Y., Lee, Y., Chiueh, P., & Lo, S. (2018). Microwave calcination 

of waste oyster shells for CO2 capture. Energy Procedia, 152, 

1242–1247. https://doi.org/10.1016/j.egypro.2018.09.176 

[51] Corporation, H. H. (n.d.). Principle of XRF analysis : Hitachi 

High-Tech Corporation. Hitachi High-Tech Corporation. 

https://www.hitachi-hightech.com/global/en/knowledge/analytical-syste

ms/xrf/xrf-descriptions.html?fbclid=IwAR1zZEibEZZ2WKr3p8sNsi3t

Kpyv71J5bpbuQe3Oa85nY7uytoBrwmcjAkY 

[52] Brouwer, P. (2018, August 30). Theory of XRF, getting acquainted 

with the principles (booklet). Malvern Panalytical. 

https://www.malvernpanalytical.com/en/learn/knowledge-center/bookle

ts/wp171108xrfbooklet 

[53] Fourier Transform Infrared Spectroscopy, FTIR Spectrometry | Agilent. 

(n.d.). 

https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectr

oscopy 

[54] Mathias, J. (2023, March 16). How does FTIR analysis work? 

Innovatech Labs. 

https://www.innovatechlabs.com/newsroom/672/stuff-works-ftir-analys

is/?fbclid=IwAR1fJ2B2wu2c5yatIeZYZqBhmT0dCaB3jK5BrwuF5Ua

9j_q5NLj_9mQfMvE 

[55] Admin. (2023, May 24). What is infrared radiation (IR(? Wavelength, 

frequency, uses, FAQs. BYJUS. 

https://byjus.com/physics/infrared-radiation/?fbclid=IwAR2Kv_56f40l

NKbELuU0emvtjcog2V5H_oNK6GJnu6opmpBuLPCsqn86SUQ 

[56] Admin. (2023a, March 24). Absorption spectrum - spectra and 

spectroscopy, emission spectra and absorption spectra. BYJUS. 

https://byjus.com/physics/absorption-spectrum/?fbclid=IwAR0v-zBRzt

Kdf0SV35VH1Fll9Ijx-fKqKpPKMv34jrGyI6Hgl0TQNU0hOio 

[57] E-PGPathshala. (n.d.-b). 

https://epgp.inflibnet.ac.in/Home/ViewSubject?catid=5VgWkgm+I3FG

q9cGlsbNmQ== 

[58] THERMOGRAVIMETRIC ANALYSIS(TGA) Dr. Anshumala Vani 

S.S. in Chemistry & Biochemistry VIKRAM UNIVERSITY, UJJAIN 1 

- PDF Free Download. (n.d.). 

https://docplayer.net/236147611-Thermogravimetric-analysis-tga-dr-an

shumala-vani-s-s-in-chemistry-biochemistry-vikram-university-ujjain-1

.html 

[59] Biology and Culture of Philippine MUSSELS (1st ed., Vol. 1). (2001). 

[60] Selected papers on mollusc culture. (n.d.). 

https://www.fao.org/3/ab737e/ab737e04.htm 

[61] Status of mollusc culture in selected Asian countries. (n.d.). 

https://www.fao.org/3/ab718E/AB718E06.htm#:~:text=There%20are%

20three%20species%20of,some%20areas%20in%20the%20Philippines 

[62] University of Glasgow - University news - Archive of news - 2014 - 

December - Climate change threat to mussels’ shells. (n.d.). 

https://www.gla.ac.uk/news/archiveofnews/2014/december/headline_3

84848_en.html#:~:text=Mussels'%20shells%20are%20composites%20

of,form%20their%20two%2Dlayer%20shells. 

6th CEBU International Congress on Science, Engineering, Social Sciences & Education (SESSE-26) March 25-27, 2026 Cebu (Philippines)

https://doi.org/10.17758/URUAE32.UA0326119 14

https://doi.org/10.1016/j.jenvman.2021.113430
https://doi.org/10.5772/intechopen.93870
https://doi.org/10.1177/0734242x19897812
https://doi.org/10.3390/recycling4030035
https://ispweb.pcaarrd.dost.gov.ph/oyster/
https://www.fao.org/3/AB717E/AB717E06.htm
https://doi.org/10.1016/s0956-053x(02)00159-9
https://doi.org/10.1590/s1516-14392012005000014
https://doi.org/10.1016/j.envpol.2010.02.015
https://doi.org/10.1016/j.matpr.2020.02.804
https://doi.org/10.1016/j.fuel.2019.116411
https://dmse.mit.edu/research-impact/materials-research-type/characterization/
https://dmse.mit.edu/research-impact/materials-research-type/characterization/
https://doi.org/10.1080/24749508.2018.1452459
https://doi.org/10.1007/978-1-4419-6886-9
https://doi.org/10.1007/978-1-4615-3270-5_8
https://doi.org/10.1007/978-3-319-92955-2
https://doi.org/10.1007/978-3-642-74065-7_16
https://doi.org/10.1016/b978-0-12-823986-5.00015-4
https://aurigaresearch.com/pharmaceutical-testing/thermogravimetric-analysis-tga/
https://aurigaresearch.com/pharmaceutical-testing/thermogravimetric-analysis-tga/
https://doi.org/10.1002/cjce.23673
https://delsunjse.com/index.php/njse/article/view/24
https://doi.org/10.3390/recycling4030035
https://doi.org/10.1007/s11356-018-3980-0
https://doi.org/10.1016/j.egypro.2018.09.176
https://doi.org/10.1016/j.egypro.2018.09.176
https://www.hitachi-hightech.com/global/en/knowledge/analytical-systems/xrf/xrf-descriptions.html?fbclid=IwAR1zZEibEZZ2WKr3p8sNsi3tKpyv71J5bpbuQe3Oa85nY7uytoBrwmcjAkY
https://www.hitachi-hightech.com/global/en/knowledge/analytical-systems/xrf/xrf-descriptions.html?fbclid=IwAR1zZEibEZZ2WKr3p8sNsi3tKpyv71J5bpbuQe3Oa85nY7uytoBrwmcjAkY
https://www.hitachi-hightech.com/global/en/knowledge/analytical-systems/xrf/xrf-descriptions.html?fbclid=IwAR1zZEibEZZ2WKr3p8sNsi3tKpyv71J5bpbuQe3Oa85nY7uytoBrwmcjAkY
https://www.malvernpanalytical.com/en/learn/knowledge-center/booklets/wp171108xrfbooklet
https://www.malvernpanalytical.com/en/learn/knowledge-center/booklets/wp171108xrfbooklet
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy
https://www.agilent.com/en/product/molecular-spectroscopy/ftir-spectroscopy
https://www.innovatechlabs.com/newsroom/672/stuff-works-ftir-analysis/?fbclid=IwAR1fJ2B2wu2c5yatIeZYZqBhmT0dCaB3jK5BrwuF5Ua9j_q5NLj_9mQfMvE
https://www.innovatechlabs.com/newsroom/672/stuff-works-ftir-analysis/?fbclid=IwAR1fJ2B2wu2c5yatIeZYZqBhmT0dCaB3jK5BrwuF5Ua9j_q5NLj_9mQfMvE
https://www.innovatechlabs.com/newsroom/672/stuff-works-ftir-analysis/?fbclid=IwAR1fJ2B2wu2c5yatIeZYZqBhmT0dCaB3jK5BrwuF5Ua9j_q5NLj_9mQfMvE
https://byjus.com/physics/infrared-radiation/?fbclid=IwAR2Kv_56f40lNKbELuU0emvtjcog2V5H_oNK6GJnu6opmpBuLPCsqn86SUQ
https://byjus.com/physics/infrared-radiation/?fbclid=IwAR2Kv_56f40lNKbELuU0emvtjcog2V5H_oNK6GJnu6opmpBuLPCsqn86SUQ
https://byjus.com/physics/absorption-spectrum/?fbclid=IwAR0v-zBRztKdf0SV35VH1Fll9Ijx-fKqKpPKMv34jrGyI6Hgl0TQNU0hOio
https://byjus.com/physics/absorption-spectrum/?fbclid=IwAR0v-zBRztKdf0SV35VH1Fll9Ijx-fKqKpPKMv34jrGyI6Hgl0TQNU0hOio
https://epgp.inflibnet.ac.in/Home/ViewSubject?catid=5VgWkgm+I3FGq9cGlsbNmQ==
https://epgp.inflibnet.ac.in/Home/ViewSubject?catid=5VgWkgm+I3FGq9cGlsbNmQ==
https://docplayer.net/236147611-Thermogravimetric-analysis-tga-dr-anshumala-vani-s-s-in-chemistry-biochemistry-vikram-university-ujjain-1.html
https://docplayer.net/236147611-Thermogravimetric-analysis-tga-dr-anshumala-vani-s-s-in-chemistry-biochemistry-vikram-university-ujjain-1.html
https://docplayer.net/236147611-Thermogravimetric-analysis-tga-dr-anshumala-vani-s-s-in-chemistry-biochemistry-vikram-university-ujjain-1.html
https://www.gla.ac.uk/news/archiveofnews/2014/december/headline_384848_en.html#:~:text=Mussels' shells are composites of,form their two-layer shells
https://www.gla.ac.uk/news/archiveofnews/2014/december/headline_384848_en.html#:~:text=Mussels' shells are composites of,form their two-layer shells
https://www.gla.ac.uk/news/archiveofnews/2014/december/headline_384848_en.html#:~:text=Mussels' shells are composites of,form their two-layer shells


[63] Ismail, R., Cionita, T., Shing, W. L., Fitriyana, D. F., Siregar, J. P., 

Bayuseno, A. P., Nugraha, F. W., Muhamadin, R. C., Junid, R., & 

Endot, N. A. (2022). Synthesis and Characterization of Calcium 

Carbonate Obtained from Green Mussel and Crab Shells as a 

Biomaterials Candidate. Materials, 15(16), 5712. 

https://doi.org/10.3390/ma15165712 

[64] Bennett, J. A., Wilson, K., & Lee, A. F. (2016). Catalytic applications 

of waste derived materials. Journal of Materials Chemistry. A, 4(10), 

3617–3637. https://doi.org/10.1039/c5ta09613h 

[65] Hincke, M. T., Nys, Y., Gautron, J., & McKee, M. (2012). The 

eggshell: structure, composition and mineralization. ResearchGate. 

https://www.researchgate.net/publication/51895246_The_eggshell_stru

cture_composition_and_mineralization 

[66] Nakano, T., Ikawa, N., & Ozimek, L. (2003). Chemical composition of 

chicken eggshell and shell membranes. Poultry Science, 82(3), 

510–514. https://doi.org/10.1093/ps/82.3.510 

[67] Tombarkiewicz, B., Antonkiewicz, J., Lis, M. W., Pawlak, K., Trela, 

M., Witkowicz, R., & Gorczyca, O. (2022). Chemical properties of the 

coffee grounds and poultry eggshells mixture in terms of soil improver. 

Scientific Reports, 12(1). https://doi.org/10.1038/s41598-022-06569-x 

[68] Chmlong, A., Wanvisa, K., Acharaporn, K., & Patra, P. (2007). 

Removal of lead from battery manufacturing wastewater by egg shell. 

ResearchGate. 

https://www.researchgate.net/publication/26469281_Removal_of_lead_

from_battery_manufacturing_wastewater_by_egg_shell 

[69] What is the current status of poultry in the Philippines of broiler? | 4 

Answers from Research papers. (n.d.). SciSpace - Question. 

https://typeset.io/questions/what-is-the-current-status-of-poultry-in-the-

philippines-of-1ieoo1sof8 

[70] Chang, H. (2007). Analysis of the Philippine Chicken Industry: 

Commercial versus Backyard Sectors. Asian Journal of Agriculture and 

Development, 4(1), 41–56. https://doi.org/10.37801/ajad2007.4.1.4 

[71] Veterinaria Digital S.A. (2023, January 24). Philippine egg industry 

update. Veterinaria Digital. 

https://www.veterinariadigital.com/en/articulos/philippine-egg-industry

-update/#:~:text=National,metric%20tons%20(Figure%201) 

[72] Abdulrahman, I., Tijani, H. I., Mohammed, B. A., Saidu, H., Yusuf, H., 

Jibrin, M. N., & Mohammed, S. (2014). From Garbage to Biomaterials: 

An Overview on egg shell based hydroxyapatite. Journal of Materials, 

2014, 1–6. https://doi.org/10.1155/2014/802467 

[73] Hunton, P. (2005). Research on eggshell structure and quality: an 

historical overview. Brazilian Journal of Poultry Science, 7(2), 67–71. 

https://doi.org/10.1590/s1516-635x2005000200001 

[74] VM69/VM013: Concepts of Eggshell Quality. (n.d.). Ask IFAS - 

Pozered by EDIS. https://edis.ifas.ufl.edu/publication/VM013 

[75] VM69/VM013: Concepts of Eggshell Quality. (n.d.). Ask IFAS - 

Powered by EDIS. https://edis.ifas.ufl.edu/publication/VM013 

[76] Murakami, F. S., Rodrigues, P. O., De Campos, C. M. T., & Silva, M. a. 

S. (2007). Physicochemical study of CaCO3 from egg shells. Food 

Science and Technology, 27(3), 658–662. 

https://doi.org/10.1590/s0101-20612007000300035 

[77] Yoo, S., Hsieh, J. S., Zou, P., & Kokoszka, J. (2009). Utilization of 

calcium carbonate particles from eggshell waste as coating pigments for 

ink-jet printing paper. Bioresource Technology, 100(24), 6416–6421. 

https://doi.org/10.1016/j.biortech.2009.06.112 

[78] Buasri, A., Chaiyut, N., Loryuenyong, V., Worawanitchaphong, P., & 

Trongyong, S. (2013). Calcium Oxide Derived from Waste Shells of 

Mussel, Cockle, and Scallop as the Heterogeneous Catalyst for 

Biodiesel Production. ˜the œScientific World 

Journal/TheScientificWorldjournal, 2013, 1–7. 

https://doi.org/10.1155/2013/460923 

[79] Srichanachaichok, W., & Pissuwan, D. (2023). Micro/Nano structural 

investigation and characterization of mussel shell waste in Thailand as 

a feasible bioresource of CAO. Materials, 16(2), 805. 

https://doi.org/10.3390/ma16020805 

[80] Correia, L. M., Saboya, R. M. A., De Sousa Campelo, N., Cecilia, J. A., 

Rodríguez-Castellón, E., Cavalcante, C. L., & Vieira, R. S. (2014). 

Characterization of calcium oxide catalysts from natural sources and 

their application in the transesterification of sunflower oil. Bioresource 

Technology, 151, 207–213. 

https://doi.org/10.1016/j.biortech.2013.10.046 

[81] Dutta, A. (2017). Fourier Transform Infrared Spectroscopy. In Elsevier 

eBooks (pp. 73–93). 

https://doi.org/10.1016/b978-0-323-46140-5.00004-2 

[82] Wang, Q., Jiang, F., Ouyang, X., Yang, L., & Wang, Y. (2021). 

Adsorption of Pb(II) from Aqueous Solution by Mussel Shell-Based 

Adsorbent: Preparation, Characterization, and Adsorption Performance. 

Materials, 14(4), 741. https://doi.org/10.3390/ma14040741 

[83] Meski, S., Tazibt, N., Khireddine, H., Ziani, S., Biba, W., Yala, S., 

Sidane, D., Boudjouan, F., & Moussaoui, N. (2019). Synthesis of 

hydroxyapatite from mussel shells for effective adsorption of aqueous 

Cd(II). Water Science & Technology, 80(7), 1226–1237. 

https://doi.org/10.2166/wst.2019.366 

 

[84] Tizo, M. S., Blanco, L. a. V., Cagas, A. C. Q., Cruz, B. R. B. D., Encoy, 

J. C., Gunting, J. V., Arazo, R. O., & Mabayo, V. I. F. (2018). 

Efficiency of calcium carbonate from eggshells as an adsorbent for 

cadmium removal in aqueous solution. Sustainable Environment 

Research, 28(6), 326–332. https://doi.org/10.1016/j.serj.2018.09.002 

[85] Cahya, M., & Marfuah, N. (2014). Identification ofCalcium Carbonate 

(CaCO3) Characteristics from Different Kinds of Poultry Eggshells 

Using X-Ray Diffraction (XRD) and Fourier Transformation Infra-Red 

(FTIR). Advances in Physics Research/Advances in Physics Research. 

https://doi.org/10.2991/icopia-14.2015.27 

[86] Srichanachaichok, W., & Pissuwan, D. (2023b). Micro/Nano structural 

investigation and characterization of mussel shell waste in Thailand as 

a feasible bioresource of CAO. Materials, 16(2), 805. 

https://doi.org/10.3390/ma16020805 

[87] Hu, S., Wang, Y., & Han, H. (2011). Utilization of waste freshwater 

mussel shell as an economic catalyst for biodiesel production. Biomass 

& Bioenergy, 35(8), 3627–3635. 

https://doi.org/10.1016/j.biombioe.2011.05.009 

[88] Nath, D., Jangid, K., Susaniya, A., Kumar, R., & Vaish, R. (2021). 

Eggshell derived CaO-Portland cement antibacterial composites. 

Composites. Part C, Open Access, 5, 100123. 

https://doi.org/10.1016/j.jcomc.2021.100123 

[89] Murakami, F. S., Rodrigues, P. O., De Campos, C. M. T., & Silva, M. a. 

S. (2007b). Physicochemical study of CaCO3 from egg shells. Food 

Science and Technology, 27(3), 658–662. 

https://doi.org/10.1590/s0101-20612007000300035 

[90] Europe PMC. (n.d.). Europe PMC. 

https://europepmc.org/article/med/26940168 

[91] Libretexts. (2022b, July 4). 4.8: The chemistry of acid rain. Chemistry 

LibreTexts.https://chem.libretexts.org/Bookshelves/General_Chemistry

/Book%3A_General_Chemistry%3A 

[92] Murakami, F. S., Rodrigues, P. O., De Campos, C. M. T., & Silva, M. a. 

S. (2007). Physicochemical study of CaCO3 from egg shells. Food 

Science and Technology, 27(3), 658–662. 

https://doi.org/10.1590/s0101-20612007000300035 

[93] Maia, B., Arcaro, S., Souza, M., De Oliveira, A. N., Oliveira, T., & 

Neto, J. (2015). Characterisation of sand casting and oyster shells as 

potential sources of raw material for the production of Soda-Lime 

glasses. DOAJ (DOAJ: Directory of Open Access Journals).  

https://doi.org/10.3303/cet1543300 

[94] Mititelu, M., Stanciu, G., Drăgănescu, D., Ioniță, A. C., Neacșu, S. M., 

Dinu, M., Staden, R. S., & Moroșan, E. (2021). Mussel shells, a 

valuable calcium resource for the pharmaceutical industry. Marine 

Drugs, 20(1), 25. 

[95] Impacts of chlorine on air quality: indoors, outdoors and across the 

world. (2023c, April 12). AIChE. 

https://www.aiche.org/ili/academy/webinars/impacts-chlorine-on-air-qu

ality-indoors-outdoors-and-across-world 

[96] Sohn, H. Y., & Kim, B. (2002b). A Novel Cyclic Reaction System 

Involving CaS and CaSO4 for Converting Sulfur Dioxide to Elemental 

Sulfur without Generating Secondary Pollutants. 1. Determination of 

Process Feasibility. Industrial & Engineering Chemistry Research, 

41(13), 3081–3086. https://doi.org/10.1021/ie010993p 

[97] Magnesium oxide wet scrubbing system for flue gas desulfurization. 

(n.d.-c). 

https://www.chemicalonline.com/doc/magnesium-oxide-wet-scrubbing-

system-flue-gas-desulfurization-0001 

[98] Razale et al.(2022).  THERMAL DECOMPOSITION OF CALCIUM 

CARBONATE IN CHICKEN EGGSHELLS: STUDY ON 

6th CEBU International Congress on Science, Engineering, Social Sciences & Education (SESSE-26) March 25-27, 2026 Cebu (Philippines)

https://doi.org/10.17758/URUAE32.UA0326119 15

https://doi.org/10.3390/ma15165712
https://doi.org/10.1039/c5ta09613h
https://www.researchgate.net/publication/51895246_The_eggshell_structure_composition_and_mineralization
https://www.researchgate.net/publication/51895246_The_eggshell_structure_composition_and_mineralization
https://doi.org/10.1093/ps/82.3.510
https://doi.org/10.1038/s41598-022-06569-x
https://www.researchgate.net/publication/26469281_Removal_of_lead_from_battery_manufacturing_wastewater_by_egg_shell
https://www.researchgate.net/publication/26469281_Removal_of_lead_from_battery_manufacturing_wastewater_by_egg_shell
https://typeset.io/questions/what-is-the-current-status-of-poultry-in-the-philippines-of-1ieoo1sof8
https://typeset.io/questions/what-is-the-current-status-of-poultry-in-the-philippines-of-1ieoo1sof8
https://doi.org/10.37801/ajad2007.4.1.4
https://www.veterinariadigital.com/en/articulos/philippine-egg-industry-update/#:~:text=National,metric tons (Figure 1)
https://www.veterinariadigital.com/en/articulos/philippine-egg-industry-update/#:~:text=National,metric tons (Figure 1)
https://doi.org/10.1155/2014/802467
https://doi.org/10.1590/s1516-635x2005000200001
https://edis.ifas.ufl.edu/publication/VM013
https://edis.ifas.ufl.edu/publication/VM013
https://doi.org/10.1590/s0101-20612007000300035
https://doi.org/10.1016/j.biortech.2009.06.112
https://doi.org/10.1155/2013/460923
https://doi.org/10.3390/ma16020805
https://doi.org/10.1016/j.biortech.2013.10.046
https://doi.org/10.1016/b978-0-323-46140-5.00004-2
https://doi.org/10.3390/ma14040741
https://doi.org/10.2166/wst.2019.366
https://doi.org/10.1016/j.serj.2018.09.002
https://doi.org/10.2991/icopia-14.2015.27
https://doi.org/10.3390/ma16020805
https://doi.org/10.1016/j.biombioe.2011.05.009
https://doi.org/10.1016/j.jcomc.2021.100123
https://doi.org/10.1590/s0101-20612007000300035
https://europepmc.org/article/med/26940168
https://doi.org/10.1590/s0101-20612007000300035
https://doi.org/10.3303/cet1543300
https://www.aiche.org/ili/academy/webinars/impacts-chlorine-on-air-quality-indoors-outdoors-and-across-world
https://www.aiche.org/ili/academy/webinars/impacts-chlorine-on-air-quality-indoors-outdoors-and-across-world
https://doi.org/10.1021/ie010993p
https://www.chemicalonline.com/doc/magnesium-oxide-wet-scrubbing-system-flue-gas-desulfurization-0001
https://www.chemicalonline.com/doc/magnesium-oxide-wet-scrubbing-system-flue-gas-desulfurization-0001


TEMPERATURE AND CONTACT TIME, p.350. 

https://mjas.analis.com.my/mjas/v26_n2/pdf/Nadia_26_2_14.pdf 

[99] Illustrated Glossary of Organic Chemistry A product of the Institute for 

Reduction of Cognitive Entropy in Organic Chemistry 

https://www.chem.ucla.edu/~harding/IGOC/E/evaporate.html 

[100] W.-H. Chen et al.(2018). Thermal degradation of carbohydrates, 

proteins and lipids in microalgaeanalyzed by evolutionary computation, 

p.211. https://www.sciencedirect.com/science/article/abs/pii 

[101] D. Nathetal.,(2023). Eggshell derived CaO-Portland cement 

antibacterial 

composites,p.3.https://www.sciencedirect.com/science/article/pii/S2666

682021000189 

[102] .P. Karunadasa, et al.(2019). Thermal decomposition of calcium 

carbonate (calcite polymorph) asexamined by in-situ high-temperature 

X-ray powder diffraction, p.23-24. 

https://www.sciencedirect.com/science/article/abs/pii/S0022369719301

970 

[103] S. Dash et al.,(2000), Nanocrystalline andmetastable phase formation in 

vacuum thermal decomposition of calcium carbonate, p.129–135. 

https://www.sciencedirect.com/science/article/abs/pii/S0040603100006

043 

[104] P. Sanders et al.,(2002), Kinetic analyses using simultaneous TGA/DSC 

measurements: Part I: decomposition of calcium carbonate in argon, 

p.115–128. 

https://www.researchgate.net/publication/263185576_Kinetic_analyses 

[105] H. Alsabe et al.(2024) From Waste to Catalyst: Transforming Mussel 

Shells into a Green Solution for Biodiesel Production from Jatropha 

curcas Oil, 2.2.1 https://www.mdpi.com/2073-4344/14/1/59 

[106] M. Felipe-Sese et al.,(2011), The use of solidresidues derived from 

different industrial activities to obtain calciumsilicates for use as 

insulating construction materials, Ceram. Int. 37 (p 3019–3028. 

https://www.sciencedirect.com/science/article/abs/pii/S0272884211003

749 

[107] Gigante et al.,(2020), Evaluation of Mussel Shells Powder 

asReinforcement for PLA-Based Biocomposites, p.5 

https://www.researchgate.net/publication/343277816_Evaluation_of_M

ussel_Shells_Powder_as_Reinforcement_for_PLA 

[108] K.H. Mo et al.,(2018), Recycling of seashell waste in concrete: A 

review. Construction and Building Materials 162. 

p751–764https://doi.org/10.1016/j.conbuildmat.2017.12.009 

[109] C. Martinez-Garcia et al.,(2017) Performance of mussel shell as 

aggregate in plain concrete, Constr. Build.Mater. 139, p570–583. 

https://www.sciencedirect.com/science/article/abs/pii/S0950061816315

318 

[110] M.Mohamed et al.,(2012), Decomposition study of calcium carbonate in 

cockle 

shell,p1-10,https://www.researchgate.net/publication/279654341_Deco

mposition_study_of_calcium_carbonate_in_cockle_shell 

[111] B. Safi et al.(2015) The use of seashellsas a fine aggregate (by sand 

substitution) in self-compacting mortar (SCM),Constr. Build. Mater. 

78, p430–438. 

https://www.researchgate.net/publication/276235442_The_use_of_seas

hells_as_a_fine_aggregate_by_sand_substitution_in_self-compacting_

mortar_SCM 

[112] S. Lee et al.,(2023), Effect of Oyster Shell Powder on the 

High-Temperature-Properties of Slag-Ceramic Powder-Based 

Geopolymer, 2.4.1https://www.mdpi.com/1996-1944/16/10/3706 

[113] X. Gao et al.,(2015), Reaction kinetics, gel character and strength of 

ambient temperature cured alkali activated slag–fly ash blends, 

105–115 https://www.researchgate.net/publication/50364439 

[114] M. Felipe-Sese et al.,(2011), The use of Solid Residues derived from 

different industrial activities to obtain calcium silicates for use as 

insulating construction 

materials,p.3020https://www.sciencedirect.com/science/article/abs/pii/S

0272884211003749 

[115] U.K. Choi et al.,(2011), Effect of Calcinated Oyster Shell Powder on 

Growth, Yield, Spawn Run, and Primordial Formation of King Oyster 

Mushroom (Pleurotus Eryngii), p16. 

https://www.researchgate.net/publication/50364439 

[116] N. Chong et al.,(2023), Preparation and Characterization of Shell-Based 

CaO Catalysts for Ultrasonication-Assisted Production of Biodiesel to 

Reduce Toxicants in Diesel Generator Emissions, p.6-7 

https://www.researchgate.net/publication/372464835_Preparation_and_

Characterization_of_Shell-Based_CaO_Catalysts_for_Ultrasonication 

[117] Field, L. D., Sternhell, S., & Kalman, J. R. (1986). Organic Structures 

from Spectra. https://ci.nii.ac.jp/ncid/BB13368023 

[118] Figure 6. Infrared spectra of uncalcined and calcined samples of (a). . . 

(n.d.). ResearchGate. https://www.researchgate.net/figure 

[119] Shareef, K. M., Omer, L. A., & Garota, S. A. (2015). Predicting the 

chemical composition of gallstones by FTIR spectroscopy. Predicting 

the Chemical Composition, 1(1), 25–30. 

https://biomedpharmajournal.org/vol1no1/predicting-the-chemical-com

position-of-gallstones-by-ftir-spectroscopy/ 

[120] Tizo, M. S., Blanco, L. a. V., Cagas, A. C. Q., Cruz, B. R. B. D., Encoy, 

J. C., Gunting, J. V., Arazo, R. O., & Mabayo, V. I. F. (2018b). 

Efficiency of calcium carbonate from eggshells as an adsorbent for 

cadmium removal in aqueous solution. Sustainable Environment 

Research, 28(6), 326–332. https://doi.org/10.1016/j.serj.2018.09.002 

[121] Chakrabarty, D., & Mahapatra, S. (1999). Aragonite crystals with 

unconventional morphologies. Journal of Materials Chemistry, 9(11), 

2953–2957. https://doi.org/10.1039/a905407c 

 

 

6th CEBU International Congress on Science, Engineering, Social Sciences & Education (SESSE-26) March 25-27, 2026 Cebu (Philippines)

https://doi.org/10.17758/URUAE32.UA0326119 16

https://mjas.analis.com.my/mjas/v26_n2/pdf/Nadia_26_2_14.pdf
https://www.chem.ucla.edu/~harding/IGOC/E/evaporate.html
https://www.sciencedirect.com/science/article/abs/pii
https://www.sciencedirect.com/science/article/abs/pii/S0040603100006043
https://www.sciencedirect.com/science/article/abs/pii/S0040603100006043
https://ci.nii.ac.jp/ncid/BB13368023
https://www.researchgate.net/figure
https://biomedpharmajournal.org/vol1no1/predicting-the-chemical-composition-of-gallstones-by-ftir-spectroscopy/
https://biomedpharmajournal.org/vol1no1/predicting-the-chemical-composition-of-gallstones-by-ftir-spectroscopy/
https://doi.org/10.1016/j.serj.2018.09.002



