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Abstract 

Blood clam shell waste is a source of biogenic calcium with the potential to be 

developed into calcium-based materials. This study synthesized nanocalcium using 

citrate as a coating agent from blood clam shells and evaluated its functional groups, 

morphology, and particle size distribution. The shells were cleaned, dried at 150 °C 

for 1 hour, ground, calcined at 1000 °C for 5 hours, hydrated, reacted with citric acid 

monohydrate at a 1:2 molar ratio via magnetic stirring and ultrasonication at 40 kHz 

for 30 minutes, aged for 24 hours, and then freeze-dried. FTIR analysis of calcium 

oxide (CaO) showed O–H bands at 3643.53–3383.14 cm⁻¹ and Ca–O vibrations at 

553.57 and 397.34 cm⁻¹. After citrate treatment, C–H bands at 2918.30 and 2854.65 

cm⁻¹ as well as carbonyl/carboxylate bands at 1743.65, 1707.00, 1587.42, 1431.18, 

and 1392.61 cm⁻¹ indicate the presence of citrate and its coordination with Ca2+. 

SEM revealed irregular micrometer-scale agglomerates and a rough surface. PSA 

yielded an average size of 56.08 nm, a peak at 53.25 nm, D10/D50/D90 values of 

39.29/53.38/72.75 nm, and a polydispersity index of 0.059. 

Keywords: Anadara granosa, calcium citrate, shell waste processing, FTIR, SEM, 

particle size distribution 

 

 

INTRODUCTION 

Oyster shells are a potential natural source of 

calcium because their calcium carbonate content can 

be converted into CaO through calcination. Blood 

oyster shells (Anadara granosa) are primarily 

composed of the aragonite phase, and thermal 

treatment alters their structure and reactivity 

(Siriprom et al., 2022). The utilization of these shells 

has been developed for the production of calcium 

titanate and other calcium compounds, while 

simultaneously reducing the burden of coastal solid 

waste (Ardiansah A et al., 2024; Seesanong et al., 

2023). 

Biomineral waste, including oyster shells and 

eggshells, is a potential natural source of calcium 

because its high calcium carbonate content can be 

converted into CaO through calcination (Usman et al., 

2020). Calcination of CaCO₃ produces calcium oxide 

(CaO) determines the degree of conversion, the 

crystallite size, and the morphology of shell-based 

materials (Suwannasingha et al., 2022). CaO derived 

from eggshells also possesses surface properties that 

facilitate interactions with surrounding ions or 

compounds (Karim et al., 2025). The CaO formed is 

hygroscopic, so it readily hydrates to form 

Ca(OH)₂and undergoes recarbonation during handling 

in air (Chong et al., 2023; Mostafa et al., 2023). 

Physicochemical characteristics are used to identify 

functional groups and chemical interactions, while 

SEM analysis is employed to determine morphology 

and agglomeration (Nurhana et al., 2025). 

Particle size reduction is one approach to 

increasing the specific surface area and improving the 

dispersion of calcium-based materials, thereby 

potentially   enhancing   their   reactivity   and 

effectiveness. Various biogenic sources in Indonesia 

have been developed as sources of nano-sized 

calcium, through the release of CO₂. The calcination 

temperature with particle characteristics that are 

influenced by the type of raw material and the 
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synthesis method. Nanocalcium derived from six 

types of fish bones has been reported to have particle 

sizes ranging from 87.37 to 281.4 nm (Kusumawati et 

al., 2022; Rifkah Ansyarif et al., 2025), whereas the 

use of parang fish bones produces nanocalcium with a 

size of approximately 62 nm (Hayati et al., 2025). 

Among other biogenic sources, chicken bones 

synthesized into calcium citrate yielded a particle size 

of 524.1 nm (Prayitno et al., 2025). Furthermore, the 

precipitation of calcium lactate from eggshells 

indicates that the use of organic acids also has the 

potential to produce nano-sized calcium materials 

(Prayitno et al., 2021). These findings demonstrate 

that the selection of calcium sources and types of 

organic acids, as well as the control of synthesis 

conditions, are critical factors in determining the 

characteristics and particle size of calcium materials. 

Citric acid has three carboxyl groups that can 

coordinate with Ca2+and simultaneously influence 

nucleation, crystal growth, and agglomeration. Recent 

research on blood clam shells shows that the 

concentration of citric acid determines the formation 

of the hydrated or anhydrous calcium citrate phase 

(Chanwetprasat et al., 2025). 

FTIR characterization generally reveals changes 

in the carboxylate bands, but the chemical formula 

and crystal phase cannot be determined by FTIR 

alone (An et al., 2022; Wang et al., 2024). The use of 

ultrasonication and a freeze dryer can support the 

formation and stabilization of chelated calcium 

materials (Maming et al., 2023). Furthermore, the 

complexation of Ca2+ions with chelating agents can 

also be confirmed through a combination of FTIR, 

SEM, and AAS analyses (Ariesta et al., 2026). 

Research integrating calcination-hydration, 

citrate chelation, sonication, and FTIR, SEM, and 

PSA evaluations of calcium derived from Anadara 

granosa shells remains limited. This study aims to 

synthesize calcium nanoparticles using citric acid as a 

chelating agent and to characterize their functional 

groups, morphology, and particle size distribution. Its 

novelty lies in the use of a calcium precursor obtained 

by calcining locally sourced shells, followed by a 

citrate chelation process using ultrasonication and a 

freeze dryer. 

 

METHODOLOGY 

Materials and Instrumentals 

The materials used included blood clam shells 

(Anadara granosa), citric acid (C₆H₈O₇), and distilled 

water (H₂O). The main equipment consisted of a Kirin 

oven, a Thermo Scientific furnace, a grinder, a 

hotplate stirrer, a magnetic stirrer, an ultrasonic bath 

(ultrasonic cleaner), and a freeze dryer. 

Characterization was performed using a Shimadzu 

FTIR (Fourier Transform Infrared) of the IRPrestige 

type, a JEOL SEM (Scanning Electron Microscope) 

of the JCM6000Plus type, and a HORIBA Scientifix 

Sz-100 PSA (particle size analyzer). 

Shell Preparation and Calcination 

The shells are sorted and washed until all 

adhering impurities are removed, then dried. The 

dried samples are mechanically crushed and ground 

into a powder. The powder is dried in an oven at 150 

°C for 1 hour, then calcined in a furnace at 1000 °C 

for 5 hours. The calcined product is cooled and stored 

in a sealed container to limit hydration and 

carbonation by air. The main reaction expected is: 

 

CaCO₃(s) → CaO(s) + CO₂(g) 

 

Hydration of the CaO Precursor 

A total of 0.561 g of CaO (±0.0100 mol) from 

the calcination was placed in a 100 mL beaker; 25 mL 

of distilled water was added while stirring with a 

magnetic stirrer. The mixture was stirred for 30 

minutes at room temperature until a homogeneous 

Ca(OH)₂ suspension formed. The reaction can be 

written as the following equation: 

 

CaO(s) + H₂O(l)  → Ca(OH)₂(s) 

 

Based on the initial number of moles of CaO and the 

1:1 stoichiometry of hydration, the nominal amount of 

Ca(OH)₂formed is approximately 0.0100 mol; thus, 

the precursor concentration, assuming a volume of 25 

mL, is approximately 0.400 mol/L. 

After the hydration process, the beaker was 

covered with aluminum foil to minimize contact with 

CO₂and reduce the likelihood of CaCO₃ formation. 

The resulting hydration suspension was then used 

directly in the mixing stage with the chelating agent 

without prior drying. 

Mixing with Citric Acid 

A total of 4.203 g (0.0200 mol) of citric acid was 

dissolved in 25 mL of distilled water to yield a 

concentration of 0.800 mol/L. The nominal molar 

ratio of Ca to citric acid used is 1:2. This ratio was 

chosen to promote the interaction of Ca2+ions with 

carboxylate groups and to aid in the formation and 

stabilization of calcium citrate complexes. 

The Ca(OH)₂ suspension was then slowly added 

to the citric acid solution while stirring with a 

magnetic stirrer at 600 rpm. Combine stirring with an 

ultrasonic bath (ultrasonic cleaner) at a frequency of 
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40 kHz for 30 minutes, with an ultrasonic power of 

approximately 60–120 W, and a voltage of 220–240 

V. Place the 100 mL beaker in the center of the 

ultrasonic bath. Afterward, let it stand for 24 hours at 

room temperature, then proceed with the drying 

process using a freeze dryer. 

Verification of the precursor was performed 

using FTIR to detect the presence of O-H and Ca-O 

vibrations. This verification serves as supporting 

evidence for the formation of the hydrated precursor. 

Characterization and Data Analysis 

The FTIR spectra of the calcined precursor and 

the citrate-associated product were recorded in the 

range of approximately 4000–350 cm⁻¹. The powder 

morphology was observed using SEM under high-

vacuum conditions, with a secondary electron 

detector, an acceleration voltage of 15 kV, and 

magnifications of 100x, 270x, and 1000x. Particle 

size distribution was determined using PSA. The 

FTIR and SEM data were analyzed descriptively. The 

PSA data are presented as mean size, distribution 

peak, D10, D50, D90, and polydispersity index (PI). 

 

RESULTS AND DISCUSSION 

Characteristics of the Calcined Precursor 

The FTIR spectrum of the calcined precursor 

(Figure 1) shows a sharp band at 3643.53 cm⁻¹and 

bands at 3562.52, 3441.01, and 3383.14 cm⁻¹, which 

are associated with the O–H stretching of Ca(OH)₂ 

and adsorbed water. These findings are consistent 

with the hygroscopic nature of CaO, which readily 

reacts with moisture upon removal from the furnace. 

Low-frequency bands at 553.57 and 397.34 cm⁻¹ 

support the presence of Ca-O vibrations (Chong et al., 

2023; Mostafa et al., 2023). 

 

Figure 1. FTIR spectrum of the calcium precursor 

obtained from the calcination of blood clam shells. 

 

The bands at 553.57 and 397.34 indicate the Ca-

O vibration region. This is supported by a study 

showing that the band in the 550 cm⁻¹ region 

corresponds to the Ca-O vibration. Therefore, the 

bands in this region indicate the presence of Ca-O 

bonds in the calcination product (Mostafa et al., 

2023). 

Spectroscopic Evidence of Calcium-Citrate 

Interactions 

Treatment with citric acid produced noticeable 

changes in the FTIR spectrum (Figure 2). The 

broadened O-H bands at 3446.79, 3385.07, and 

3298.28 cm⁻¹indicate hydrogen-bonded environments 

of the citric acid hydroxyl groups and bound water. 

The bands at 2918.30 and 2854.65 cm⁻¹ originate 

from the C–H vibrations of the organic components. 

The appearance of C=O bands at 1743.65 and 

1707.00 cm⁻¹ indicates the continued presence of 

protonated carboxylate groups. 

 

Figure 2. FTIR spectrum of nanocalcium after citric 

acid treatment 

 

The band at 1587.42 cm⁻¹is associated with the 

asymmetric stretching of COO⁻, and the bands at 

1431.18 and 1392.61 cm⁻¹with the symmetric 

stretching of the carboxylate group. The separation 

between the 1587.42 and 1392.61 cm⁻¹ bands, which 

is 194.81 cm⁻¹, indicates a change in the carboxylate 

coordination environment, but is not sufficient to 

determine its coordination geometry. The bands at 

1242.16, 1205.51, and 1141.86 cm⁻¹are associated 

with C–O vibrations. The presence of carbonyl, 

carboxylate, and C–O bands indicates the existence of 

functional groups associated with citrate in the 

synthesis product. This pattern is consistent with 

reports on calcium citrate from seashells, which 

exhibit both asymmetric and symmetric COO– bands 
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as well as citrate C–O bands (Chanwetprasat et al., 

2025). Other studies on calcium chelates have also 

demonstrated the involvement of carboxylate and C-O 

groups in Ca2+coordination (An et al., 2022; Zhong 

et al., 2023). 

FTIR analysis cannot be used to determine the 

identity of the crystalline phase; XRD analysis is 

required to confirm the formation of a crystalline 

phase. 

 

Table 1. Major FTIR functional groups of citrate chelating 

precursors and products 
Sample Band (cm⁻¹) Functional Group 

CaO 
3643.53– 

3383.14 O-H; hydration/adsorbed water 

CaO 
1506.41; 

1427.32 Residual carbonate/recarbonation 

CaO 553.57; 397.34 Ca-O Vibrations 

Chelated 

Nano-

Calcium 

3446.79– 

3298.28 

 

O-H and hydrogen bonds 

Chelated 

Nano-

Calcium 

2918.30; 

2854.65 

 

C-H Stretch 

Chelated 

Nano-

Calcium 

1743.65; 

1707.00 

 

C=O from -COOH 

Chelated 

Nano-

Calcium 

1587.42; 

1431.18; 

1392.61 

 

COO- Stretch 

Chelated 

Nano-

Calcium 

1242.16; 
1205.51; 

1141.86 

 

C-O strain in citrate 

 

Morphology and Agglomeration 

The SEM micrograph (Figure 3) shows an 

irregular morphology with a tendency to form 

agglomerates. At magnifications of x100 and x270, 

agglomerates ranging in size from tens to hundreds of 

micrometers are visible. At x1000, the agglomerates 

are composed of smaller fragments, but the 

boundaries of the primary particles, which are tens of 

nanometers in size, cannot yet be clearly resolved. 

This indicates that the SEM observations under the 

conditions used primarily depict the morphology of 

dry powder agglomerates, rather than the size of the 

primary particles. Irregular morphology and a 

tendency to agglomerate have also been reported in 

chicken bone nanocalcium citrate and other calcium 

citrate nanoparticles (Oopkaew et al., 2024; Prayitno 

et al., 2025). 

Agglomeration can be triggered by high surface 

energy, hydrogen bonding, interfacial ionic 

interactions, and particle coalescence during the 

freeze-drying process. In peptide-based calcium 

chelates, structural changes and aggregation following 

complex formation have also been observed via SEM 

and particle size analysis (Zhong et al., 2023b). The 

SEM results obtained in this study only examined the 

morphology of the material in a dry state; therefore, 

the primary particles may appear as larger 

agglomerates. The SEM data obtained cannot be used 

to determine the primary particle size, which requires 

characterization using TEM. 

 

 
Figure 3. Morphology of chelated calcium citrate 

nanopowder at magnifications of (a) 100x, (b) 270x, 

and (c) 1000x 

 

Particle Size Distribution 

 

 
Figure 4. Particle size distribution of chelated citrate 

nano-calcium based on PSA 

 

PSA yielded an average size of 56.08 nm with a 

distribution peak at 53.25 nm. The D10, D50, and 

D90 values were 39.29, 53.38, and 72.75 nm, 
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respectively (Table 2). The PI value obtained using 

the PSA instrument is 0.059. The closeness of the 

mean size, peak, and D50 values indicate a consistent 

distribution center. A PI value of 0.059 indicates a 

narrow distribution, while the calculated span of 

0.627 illustrates the relative width of the D10–D90 

distribution. 

 

Table 2. Particle size distribution parameters 
Parameter Value 

Mean 56.08 nm 

Peak 53.25 nm 

D10 39.29 nm 

D50 53.38 nm 

D90 72.75 nm 

PI 0.059 

Span 0.627 

 

The size of 56.08 nm is smaller than the 62 nm 

observed in nanocalcium from parang fish bones 

(Hayati et al., 2025), the range of 87.37–281.4 nm in 

nanocalcium from fish bones (Kusumawati et al., 

2022), and 524.1 nm in chicken bone citrate 

nanocalcium (Hadi Prayitno et al., 2025). Usman et 

al. (2020) also obtained nanometer-sized CaO from 

green mussel and batik mussel shells, with sizes of 

88.76 and 96.67 nm, respectively. These comparisons 

must be interpreted with caution because the material 

composition, instrument principles, dispersion media, 

and sample pretreatment differ. Research on the 

optimization of CaCO₃ nanoparticles also indicates 

that reactant concentration and mixing conditions 

significantly determine monodispersity (Persano et 

al., 2022). Ultrasonic assistance can improve mass 

transfer and dispersion during the formation of 

chelated calcium systems (Qu et al., 2024). 

The discrepancy between micrometer-sized 

agglomerates observed by SEM and nanometer-sized 

particles measured by PSA is not contradictory. SEM 

examines dry powders that have undergone 

agglomeration, whereas PSA measures the dispersed 

particle population. However, without TEM or high-

resolution SEM, PSA data do not directly confirm the 

primary particle diameter. Furthermore, the presence 

of a strong -COOH band indicates the need for 

washing and optimization of the reactant ratio to 

reduce the likelihood of citric acid residue. Acid 

concentration, stirring time, and crystallization 

conditions have been reported to influence the phase, 

morphology, and properties of calcium-based 

materials (Chanwetprasat et al., 2025; Wang et al., 

2024; Wijayanti et al., 2024; Yan et al., 2023). 

Limitations and Implications 

A major limitation of this study is the lack of 

XRD for phase identification, EDX/ICP-OES for 

verifying calcium content, TGA/DSC for determining 

the degree of hydration, zeta potential for dispersion 

stability, and high-resolution TEM/SEM for primary 

particle size. Instrumental conditions and the number 

of replicates also need to be fully documented. 

Nevertheless, the combination of FTIR changes and 

PSA distribution provides consistent preliminary 

evidence that the citrate treatment produces nano-

sized calcium materials with a relatively narrow 

distribution. Before being applied as a food fortifier, 

the composition, purity, solubility, safety, stability, 

and in vitro bioaccessibility must be tested. 

CONCLUSION 

Blood clam shells were successfully processed 

into citrate-associated calcium powder with a dry 

mass of 2.18 g. FTIR analysis showed a transition 

from the hydrated/carbonated CaO precursor to a 

material containing citrate groups, as indicated by the 

C-H, C=O, COO-, and C-O bands. SEM revealed an 

irregular morphology and agglomeration under dry 

conditions. PSA analysis yielded an average size of 

56.08 nm, a peak at 53.25 nm, D10/D50/D90 values 

of 39.29/53.38/72.75 nm, and a PI of 0.059. These 

results support the formation of a narrowly distributed 

calcium citrate-associated material; however, the 

phase identity and primary particle size still need to 

be confirmed through XRD, compositional analysis, 

and high-resolution microscopy before claims and 

applications as a food fortifier can be further 

developed. 
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