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Shell waste is a natural source of rich biominerals, primarily high-purity calcium carbonate (CaCO₃). This study utilized bamboo shell waste from three locations on the south coast of Pamekasan as a raw material for the synthesis of CaCO₃ compounds. The aim of this research was to identify the characteristics of the content of powdered bamboo shells as a source of natural calcium. The shells were prepared through several stages, including washing, drying, size reduction, and oven-drying at 105°C. The shells were then pulverized using a ball mill and sieved with a 200-mesh sieve. The shell powder was subsequently characterized using XRF, FTIR, and XRD instruments. The XRF test results showed that the average dominant chemical elements from the three locations were calcium (Ca) and its oxide compound (CaO), with percentages of 97.95% and 98.09%, respectively. The FTIR test indicated the functional groups of CaCO₃, namely CO₃²⁻, C–O, Ca–O, and C–H, at absorption peaks of 4000-400 cm⁻¹. The XRD test results revealed that the bamboo shells contained CaCO₃ as a single phase with the crystalline phase of aragonite (orthorhombic). Based on these results, it can be concluded that bamboo shell powder can be used as a source of natural calcium minerals. 




1. Introduction
Indonesia, as an archipelagic nation, possesses abundant marine resources, including a diverse variety of shellfish. Pamekasan Regency on Madura Island is a significant region for fisheries and seafood culinary activities, where the bamboo clam (Ensis sp.) is a widely consumed commodity. This has led to the development of distinctive local cuisine based on marine products, one of which is the bamboo clam, locally known as “ lorju’ ”. This culinary offering, particularly in the name of "campur lorju’ ", has become a culinary identity for the coastal community and is highly popular among both locals and visitors. However, the high consumption rate of bamboo clams conversely generates a substantial amount of shell waste that is not optimally utilized. This waste is typically discarded indiscriminately around vending areas, leading to environmental issues such as visual pollution, unpleasant odors, and the accumulation of organic waste  [1]. Furthermore, its slow decomposition rate disrupts the local ecosystem. Consequently, finding a strategy to utilize this waste is imperative to realize the principles of a circular economy and sustainable green industry.
The selection of bamboo clam shell waste (Ensis sp) as the research object is based not only on its abundance but also on its intrinsic uniqueness. As a local delicacy, "lorju'" has become an integral part of the cultural and economic identity of Pamekasan community. From a materials science perspective, this type of shell is hypothesized to possess a unique biomineral structure due to its specific habitat and biological processes . Its dense and compact laminated structure has the potential to yield a calcium carbonate precursor with distinct purity, crystallinity, and morphology compared to common shellfish [2]. A thorough characterization of this local material is essential to substantiate its advantages and viability for further application.
Behind the issue of waste lies significant untapped potential. Shellfish waste is naturally a rich source of biominerals, primarily high-purity calcium carbonate (CaCO₃), which can be converted into calcium oxide (CaO) through a high-temperature calcination process [3]. The bamboo clam shell (Ensis sp.) is a highly potential natural source of calcium carbonate (CaCO₃). Structurally, this shell consists of approximately 95-99% calcium carbonate in various crystalline phases, with the remainder being an organic matrix (such as protein and chitin) and small amounts of other minerals [4]. The uniqueness of bamboo clam shell lies in its hierarchical and hard biocomposite structure, formed through a biomineralization process. This characteristic makes it an excellent precursor for the synthesis of calcium oxide (CaO), a material with a multitude of industrial applications [5].
Calcium oxide (CaO) is a highly important inorganic material widely used across various sectors, from the construction industry (raw material for cement) and chemical industry (base catalyst, sugar purification) to wastewater treatment and even biomedical applications. Currently, the commercial source of CaO is predominantly derived from limestone mined from mountains. Excessive limestone exploitation has negative environmental impacts, including landscape degradation and loss of biodiversity [6]. Calcium oxide (CaO) is a functional material with broad applications in various industries. The unique structure of bamboo clam shell, which has a dense and compact lamination, is strongly suspected to influence the physicochemical properties of calcium carbonate mineral within. Characterizing this local natural material is a crucial step to mapping its potential and quality compared to conventional calcium sources. This conversion of waste into a high-value-added product not only addresses environmental challenges but also opens up new economic opportunities based on local resources [3].
The process of converting calcium carbonate (CaCO₃) in the shells into calcium oxide (CaO) is carried out through calcination at high temperatures (usually > 800°C). In this process, thermal decomposition occurs, releasing carbon dioxide gas (CO₂) and leaving behind pure CaO. The quality and purity of  resulting CaO are highly dependent on the calcination temperature, dwelling time, and the initial characteristics of the precursor (shells) [7].
Several previous studies have explored the utilization of various shells as a source of calcium oxide, such as oyster shells (Crassostrea gigas) [8], green mussel shells (Perna viridis) [9][10], and blood cockle shells (Anadara granosa) [11] [7] . However, in depth research on bamboo clam shells (Ensis sp) from Pamekasan remains very limited. Each type of shell has differences in mineral composition and organic matrix, which are influenced by its habitat and species. Consequently, the findings from research on other shell types cannot be directly applied. Therefore, specific research on characteristics and potential of Pamekasan's where is called "lorju’ " as a natural source of CaO is absolutely necessary [12]. This specific research on the local material is required to build an accurate database and to design the most efficient and optimal calcination process and subsequent applications based on its unique characteristics.
Based on this background, this research aims to conduct a comprehensive characterization of local natural material from bamboo clam shell waste from Pamekasan. The analysis will be performed using XRF, Fourier Transform Infrared (FTIR) spectroscopy and X-ray Diffraction (XRD) techniques. The results of this study are expected to provide valid scientific data on the feasibility and advantages of Pamekasan bamboo clam shells as a source of natural calcium oxide [13]. Practically, these findings can serve as a foundation for developing a high-economic-value waste processing industry in the Pamekasan region, while also contributing to materials science through the exploration of sustainable materials derived from renewable natural resources .

2. Methods
Source and pretreatment of bamboo clam shell
Sampling of bamboo clams was conducted at three locations along the southern coast of Pamekasan Regency, namely East Pademawu Village (Location 1) (nomenclature sample: CKB 1), Tanjung Village (Location 2) in Pademawu District (nomenclature sample: CKB 2), and West Kaduara Village (Location 3) in Larangan District (nomenclature sample: CKB 3), .The bamboo clam shells obtained from the three locations were then cleaned through a process of brushing and washing under running water. Afterward, the shells were sun-dried for one day until their moisture content was significantly reduced. Once dry, the process was repeated using 70% alcohol and Aquadest to remove any remaining impurities attached to the shells. After this double cleaning process, the bamboo clams were sun-dried until completely dry. The bamboo clam powder was then dried in an oven for twenty four hours at temperature of 105°C.The cleaned and dried bamboo clams were ground into a powder. The oven-dried samples were sieved with a 100-mesh size to obtain a homogeneous powder (Fig 1 (b)). This homogeneous powder was then prepared for characterization [14].


Fig. 1:  Bamboo clam shell (a) Shell form and (b) Shell powder.

Characterization of bamboo clam shell powder
The prepared clam shells were then stored in glass bottle and labeled as location I, II and location III. The analysis of the elemental content in the shells was conducted at the Laboratory of Minerals and Advanced Materials, Faculty of Mathematics and Natural Sciences, State University of Malang. This analysis used an X-Ray Fluorescence instrument (PANanalytical MiniPal 4 type) to identify the elemental composition of the samples. X-Ray Diffraction analysis (PANanalytical X’Pert PRO type) was used to compare the sample's structural patterns with standard patterns. The characterization and analysis of the sample were carried out based on the functional group analysis using the Fourier Transform Infrared Spectroscopy (FT-IR)  (Shimadzu, Japan IR Prestige 21 type) [15]. 

3. Result and Discussion
Characterization Of bamboo clam shell powder using XRF 
After undergoing the processes of grinding and sieving, bamboo clam shell powder was obtained (Fig. 2). The greyish-white colour of bamboo clam shell powder is caused by the presence of impurity minerals attached to the outermost surface of the shell, which prevents its original white colour from showing. This colour change process can be clearly observed during the grinding stage and continues through the sieving process. Once the powder, as shown in Figure 2, was obtained, characterization was carried out through a series of tests, namely XRF, FTIR, and XRD. The purpose of XRF analysis is to determine the elemental composition and oxide compounds that constitute on bamboo clam shell powder. The data on chemical and oxide composition from each sample location can be seen in the following Table 1.
Based on data in Table 1, the composition of bamboo clam shell is significantly dominated by element calcium (Ca) and the compound calcium oxide (CaO), with percentages reaching 98.06% and 98.18%, respectively. Meanwhile, other metallic elements and oxides, such as S, Fe, Cu, Sr, and Lu, were detected in lower quantities (less than 2%). These results indicate that calcium is the primary constituent element. Therefore, the purity level of CaCO₃ is directly influenced by the variation of concentration of these impurity elements, as has been reported in research [16].

Table 1: Result Of CKB 1 XRF Analysis
	Element
	Composition (%)
	Oxide
	Composition (%)

	Ca
	98.06
	CaO
	98.18

	S
	  0.22
	SO3
	  0.46

	Fe
	  0.13
	Fe2O3
	  0.12

	Cu
	  0.046
	CuO
	  0.037

	Sr
	  1.4
	SrO
	  1.1

	Lu
	  0.16
	Lu2O3
	  0.12



According to Table 2, the dominance of element calcium (Ca) and the compound calcium oxide (CaO) remains significant with percentage 97.87 % and 98.04%. However, a difference in composition was observed in sample CKB2, marked by the emergence of new metallic elements and oxides, such as Co, Zr, and Er, beyond those previously identified (S, Fe, Cu, Sr, Lu). The appearance of these new elements is strongly suspected to be caused by the differing geographical and environmental conditions of the bamboo clams' habitat. The presence of these impurity elements influences the overall composition of the sample, indicating that characterization results can vary between samples originating from different locations [17].

Table 2: Result Of CKB 2 XRF Analysis
	Element
	Composition (%)
	Oxide
	Composition (%)

	Ca
	97.87
	CaO
	98.04

	S
	  0.21
	SO3
	  0.43

	Fe
	  0.13
	Fe2O3
	  0.12

	Co
	  0.076
	Co3O4
	  0.068

	Cu
	  0.04
	CuO
	  0.03

	Sr
	  1.3
	SrO
	  1.0

	Zr
	  0.1
	ZrO2
	  0.10

	Er
	  0.09
	Er2O3
	  0.06

	Lu
	  0.184
	Lu2O3
	  0.11



Based on the elemental composition data presented in Table 3, it can be concluded that the element calcium (Ca) and the compound calcium oxide (CaO) remain significantly dominant in the CKB 3 powder sample, with percentage values reaching 97.93% and 98.06%, respectively. The impurity element profile in the CKB 3 sample shows similarity to the composition observed in samples CKB 1 and CKB 2, with concentrations remaining very low, namely below 2%. A comparative analysis of Tables 1, 2, and 3 reveals that the highest content of Ca and CaO is found in sample CKB 1. From tabel 1,2 and 3, its indicates that bamboo clam shell is a highly potential source of calcium and is viable to be utilized in the synthesis of calcium carbonate. The content of other elements is very small, which signifies that the material's purity is relatively high and it is not contaminated by heavy metals that could interfere with the synthesis process. The high percentage of calcium indicates that the bamboo clam shell powder has a high calcium carbonate (CaCO₃) content, given that calcium carbonate is the primary shell-forming phase. The calcium content values obtained in this study are classified as very high, considering all samples showed values exceeding 90% (Ca ≥ 90%) [18], which is consistent with the biomineral characteristics of mollusk shells.

Table 3: Result Of CKB 3 XRF Analysis
	Element
	Composition (%)
	Oxide
	Composition (%)

	Ca
	97.93
	CaO
	98.06

	S
	  0.22
	SO3
	  0.45

	Fe
	  0.16
	Fe2O3
	  0.15

	Co
	  0.095
	Co3O4
	  0.085

	Cu
	  0.043
	CuO
	  0.035

	Sr
	  1.4
	SrO
	  1.1

	Zr
	  0.2
	ZrO2
	  0.2



From tables 1, 2, and 3, it can be determined that the main component in the powdered bamboo clam shell is calcium oxide (CaO) with a very high average concentration of 98%. This content indicates that the bamboo clam shells from Pamekasan are a highly potential source of calcium and suitable for utilization in the synthesis of calcium carbonate [19].

Characterization Of bamboo clam shell powder using FTIR
The FT-IR spectrum was measured in the range of 5000-4000 cm⁻¹ on bamboo shells that had been ground into powder and homogenized. FTIR analysis in this study aims to identify the characteristic functional groups of compound that is the primary indicator of CaCO₃ formation by detecting its specific absorption bands.  Figure 2 shows the FTIR graph pattern of bamboo shells from three locations, namely CKB 1, CKB 2 and CKB 3, it shows that there are no significant difference in the IR spectra [20]. The FTIR spectrum of CaCO3  sample in Fig. 2 for CKB 1 is generated by the absorption of electromagnetic radiation which has absorption peaks at 2922 cm-1, 2521 cm-1,  2140 cm-1, 1785 cm-1, 1650 cm-1, 1449 cm-1, 1080 cm-1, 859 cm-1, 712 cm-1. Based on the result in fig.2 for CKB 2 the absorption of electromagnetic radiataion which has absorption peaks at  at 2922 cm-1, 2516 cm-1,  2142 cm-1, 1779 cm-1, 1652 cm-1, 1449 cm-1, 1087 cm-1, 865 cm-1, 713 cm-1.  there is a slight difference in the wavelength values indicated by the shift in the peak beetwen CKB 1 and CKB 2 in fig.2. The FTIR spectrum of the CaCO3 for CKB 3 is generated by the absorption of electromagnetic radiation which has absorption peaks at  2922 cm-1, 2521 cm-1, 1785 cm-1, 1445 cm-1, 1080 cm-1, 865 cm-1, 712 cm-1.

Fig. 2: FTIR spectra of bamboo clam shell powder for CKB 1 : CKB 2: CKB 3

FTIR analysis serves to identify the functional groups of the CaCO₃ carbonate ion, namely CO₃²⁻, OH⁻, Ca-O, and C-O[21]. Based on Figure 2, it shows absorptions with strong peaks from the CO₃²⁻ functional group, indicated at wavenumbers 712 cm⁻¹, 713 cm⁻¹, 859 cm⁻¹, 865 cm⁻¹, and 1080 cm⁻¹, 1087 cm⁻¹ with sharp absorption bands that indicate carbonate ion vibrations. confirming that the compound synthesized from bamboo clam shells is calcium carbonate.  These absorption peaks are a general characteristic of the carbonate ion in calcium carbonate and the fundamental modes of molecular vibration. The Ca-O vibrational absorption peak at 715 cm⁻¹ and the C-H vibrational peak at 871 cm⁻¹ are characteristic of the calcite phase [22]. At wavelengths 1445 cm⁻¹ and 1449 cm⁻¹, with a broad absorption band, it is identified as originating from the Ca-O stretching absorption and carbonate ion vibration from calcium carbonate polymorphs. The sharp bands at 1779 cm⁻¹ and 1785 cm⁻¹ indicate C-O vibration. The OH group appears at the absorption peak around the wavenumber 2922 cm⁻¹[23]. The results in Figure 2 show that the absorption peak values of CaCO₃ produced by bamboo clam shell at specific wavelengths are very close to and match the reference values for the types of CaCO₃ bonds presented in the table below.


Table 4: type of bonds of CaCO3 absorption peaks [24]
	Functional group
	Wave Number (cm-1)
CKB 1
	Wave Number (cm-1)
CKB 2
	Wave Number (cm-1)
CKB 3
	Reference

	Ca-O
	712
	713
	712
	712;710

	CO32-
	859
	865
	865
	874;876

	CO32- stretching
	1080
	1087
	1080
	1081;1082

	C-O stretching
	1449
	1449
	1445
	1451;1466

	Ca-O stretching
	1785
	1779
	1785
	1798

	C-H asymmetric stretching
	2521
	2516
	2521
	2517

	C-H symmetric stretching
	2922
	2922
	2922
	2925

	
	
	
	
	



Characterization Of bamboo clam shell powder using XRD
The phase identification of bamboo clam shell sample was conducted by analyzing the X-Ray Diffraction (XRD) patterns with Match software. Clearly, the XRD diffractograms of aragonite are in well agreement with the standard ICDD database card 00–005-0453 respectively. Fig.4 reveals that the crystalline phase of bamboo clam shell is dominantly aragonite phase (100%). The crystal form of aragonite phase is orthorhombic. The analysis results show that the powder has a dominant aragonite phase, with its highest intensity peak formed at a diffraction angle (2θ) of 33.11° and Miller indices (002), possessing an orthorhombic crystal structure. Other diffraction angles can be observed in Fig 3. This result is consistent with the research by [25], which states that the crystalline phase of the shell is aragonite. The aragonite phase is metastable, allowing it to undergo change or diagenesis into a more stable form. The presence of calcite mineral within the bamboo clam shell is the result of an alteration (diagenesis) of the aragonite mineral [26].
On the other hand, bamboo clam shells originated aragonite phase shows the reflections at 2 theta positions which are symbolic for the respective planes: 26.2 (111); 27.2 (021); 31.1 (002); 33.1 (012); 36.1 (200); 37.8 (112); 38.6 (130); 41.2 (211); 42.8 (220); 45.8 (221); 48.3 (041); 50.1 (132); 52.4 (113) and 52.8 (231). The recorded XRD reflections of the aragonite phase of bamboo clam shells were indistinguishable from the ICDD database assigned for the aragonite phase. The XRD pattern confirmed the presence of aragonite single phase in bamboo clam shells. The sharp and strong peaks in more 2 theta position also confirmed that the products were well crystallized. But almost of all aragonite phase is indicated still in amorphous because there is no heat treatment. Because the aragonite phase is metastable, it can undergo alteration or diagenesis into a more stable form [27].
These results indicate that the high crystalline structure and significant calcium purity of bamboo clam shell make it an ideal candidate for the synthesis of CaO using effective synthesis methods. This aligns with the research objective of creating an alternative, environmentally friendly calcium source from organic waste. Furthermore, the presence of sharp peaks with no indication of other phases demonstrates that the initial raw material preparation process did not damage the natural crystal structure or lead to the formation of contaminant compounds. Therefore, the combination of XRF and XRD results confirms that bamboo clam shell waste is not only feasible but also highly potential for use as a source of natural calcium minerals with the desired crystalline characteristics.



Fig. 3: X ray Diffraction pattern of bamboo clam shell powder (a) CKB 1: location 1; (b) CKB 2: location 2 ;        (c) CKB 3: location 3.
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4. Conclusions

Based on the results of XRF, XRD, and FTIR analyses, it was found that the synthesis and characterization of bamboo clam shells yield an optimum result with a Ca content reaching 98%. The formation of 100% single-phase aragonite crystals (XRD) indicates the production of calcium carbonate in a metastable phase. The FTIR spectrum also shows the sharpest carbonate (CO₃²⁻) peak, indicating high absorbance intensity and a dominant of CaCO₃ aragonite. These results demonstrate that bamboo clam shells have great potential as an environmentally friendly and highly valuable natural calcium source.
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