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Abstract. Marine shell waste is rich in calcium carbonate (CaCO3), which can be a good source for the synthesis
of hydroxyapatite (HAP). HAP is a potential component in bone tissue engineering as it possesses similar elements to
bone structure. In this study, three different species of marine shells that are normally found in Malaysia, namely short-
necked clam (Paphia undulate), blood cockle (Anadara granosa) and hard clam (Meretrix lyrata) were used to produce
CaCO3 and HAP. The characterization results indicate that the produced CaCO3 consists of mainly aragonite polymorph.
Subsequently, the produced CaCO3 was used as the calcium source for the formation of HAP through the wet slurry
precipitation method. The results from the analyses on crystallinity, functional group, surface morphology and elemen-
tal analysis of the synthesized HAP powders that were obtained through X-ray diffraction (XRD), Fourier-transform
infrared (FTIR), scanning electron microscopy (SEM) and energy-dispersive X-ray (EDX) have confirmed that HAP is
comparable with other studies. Overall, the results obtained through this study indicate that it is possible to produce
CaCO3 and HAP from various marine-based shell waste through greener synthesis routes with less chemicals and reaction
time.
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1. Introduction

Molluscs form one of the main protein sources for humans
worldwide and are being consumed in various delicacies. In
Malaysia, there are several species of molluscs that have high
demand among consumers such as short-necked clam, blood
cockle and hard clam. The short-necked clam (Paphia undu-
lata) is a marine organism which has a fast-growing rate but
short lifespan [1,2]. Anadara granosa or known as blood
cockle is commonly found in intertidal mudflat and has a
white-coloured shell [1,3]. As for hard clam that is also known
as Meretrix lyrata has a thick and hard shell which can be
found near coastal areas [4]. The world production of mol-
luscs in 2015 alone was recorded around 16 million tonnes
[5]. This, however, has led to the generation of abundant shell
waste. The shell waste is mostly used in low-value recycling
such as in the handicraft industry to produce decorative stuffs
like key chains and as a medium-value recycling for build-
ing roads and also as bricks for construction [6,7]. Hence,
the shells are still underutilized in various ways and still are
considered as waste.

Shell waste is mostly dumped into landfills without
any post-treatment due to high-cost disposal procedures
such as incineration [8–11]. The landfills often cause an

unpleasant view to the surroundings and emanate nauseating
odour. To minimize the negative impacts on the environ-
ment, researchers are studying the transformation of shell
waste into valuable products such as biomaterials. Bioma-
terials are synthetic or natural materials, which are suitable
in making artificial organs and prostheses or to replace bone
or tissue. In fact, seashells consist of abundant calcium car-
bonate (CaCO3) of more than 95% by weight [12–15]. It has
been previously used as a calcium source for synthesizing
hydroxyapatite (HAP) [16,17]. With the chemical formula
Ca10(PO4)6(OH)2, HAP is widely used in biomedical appli-
cations mainly as bone replacement, regeneration and dental
restoration materials because of its biocompatibility, biore-
sorption and bioactivity [18–22]. HAP resembles natural bone
and has ability to form chemical bonding with bone structure
[23,24]. To date, the formation of HAP using different types
of Malaysian shell waste has been less explored. Therefore,
the objectives of this study are to investigate the
feasibility of producing HAP using CaCO3, using less
chemicals and conducted at ambient temperature and pres-
sure, from different types of marine shell waste which
are short-necked clam (P. undulate), blood cockle (A. gra-
nosa) and hard clam (M. lyrata) to be applied as bone
materials.
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