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 Background: Hydroxylapatite(Ca5(PO4)3(OH)) is a biocompatible ceramic material. It 

is used to coat some joint replacement prostheses, which encourages bone to grow onto 
the implant, and is also used in some forms of middle-ear surgery. It can be 

synthesizing from the squid beak.Basically, the cephalopods beak are made from chitin 
and (30-70%) calcium carbonate and some proteins. That also present in the squid beak. 

Lightweight organic composite with tuneable mechanical properties mimics cephalopod 

beak.  The squid beak is known as one of the hardest fully organic materials. It is 
usually costlier at all aspects hence it is synthesised by means from alternative sources 

with an economically essential manner. Objective: To synthesis and Characterize the 

Hydroxyapatite from that beak, calcium oxide can be obtained during the calcination 
process. Furthermore, to transform squid beak into CaCO3 and then into CaO, 

calcinations were performed on the samples at 900oC to 1200oC temperature for 4- 5 

hours at a rate of temperature rise 5oC/minute. Result: The containment of calcium 
(Ca) was determined by using XRF. The sample can be crushed by attrition mill. 

Attrition milling is more effective comparing to the ball milling and a nanosize calcium 

powders can be produced. Then it can be reacted with the phosphoric acid the 
nanophase hydroxyapatite can be formed. Conclusion: As observed from the SEM 

there is a homogenous distribution by the attrition mill. From the SEM, comparing to 

the ball mill Hap obtained from the attrition mill is nanosized, but there is micrometer 
coagulated size coarse particle in the ball mill. 

 

INTRODUCTION 

 

Hydroxyapatite is chemically similar to the mineral component of bones and hard tissues in mammals. It is 

one of few materials that are classed as bioactive, meaning that it will support bone in-growth and 

osteointegration when used in orthopedic, dental and maxillofacial applications.Hydroxylapatite or 

Hydroxyapatite naturally occurring mineral form of calcium apatite with the formula Ca5(PO4)3(OH), but is 

usually written Ca10(PO4)6(OH)2 to denote that the crystal unit cell comprises two entities. Hydroxylapatite is 

the hydroxyl endmember of the complex apatite group. Nano-hydroxyapatite (nano-HAp) is attracting interest 

as a biomaterial for use in prosthetic applications due to its similarity in size, crystallography and chemical 

composition with human hard tissue. Bone and teeth enamel are largely composed of a form of this 

mineral.   The ability to integrate in bone structures and support bone ingrowth, without breaking down or 

dissolving(M. Akram, R. Ahmed, I. Shakir, W. Ibrahim, R. Hussain (2014), Extracting hydroxyapatite and its 

precursors from natural resources, J. Mater. Sci. 49 1461e1475).The ability to integrate in bone structures and 

support bone ingrowth, without breaking down or dissolving. Generally speaking dense hydroxyapatite does not 

have the mechanical strength to enable it to succeed in long term load bearing applications. In the bio-ceramic 

coatings, Coatings of hydroxyapatite are often applied to metallic implants (most commonly titanium/titanium 

http://www.ajbasweb.com/
https://en.wikipedia.org/wiki/Mineral
https://en.wikipedia.org/wiki/Apatite
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alloys and stainless steels) to alter the surface properties. In this manner the body sees hydroxyapatite-type 

material which it is happy to accept. Without the coating the body would see a foreign body and work in such a 

way as to isolate it from surrounding tissues. To date, the only commercially accepted method of applying 

hydroxyapatite coatings to metallic implants is plasma spraying(Lace"eld WR (1988). Hydroxyapatite coating. 

Ann NY Acad Sci; 523:72}80).  In the bone fillers, Hydroxyapatite may be employed in forms such as powders, 

porous blocks or beads to fill bone defects or voids. These may arise when large sections of bone have had to be 

removed (e.g. bone cancers) or when bone augmentations are required (e.g maxillofacial reconstructions or 

dental applications). (Sopyan, I., Mel, M., Ramesh, S., Khalid KA (2007). Porous hidroxyapatite for artificial 

bone application. Sci. Tech. Adv. Mater., 8, 116-123). (F.-X. Huber, I. Berger, N. McArthur, C. Huber, H.-P. 

Kock, J. Hillmeier, P. Meeder (2008), Evaluation of a novel nanocrystalline hydroxyapatite paste and a solid 

hydroxyapatite ceramic for the treatment of critical size bone defects (CSD) in rabbits, J. Mater. Sci. Mater. 

Med. 19 33e38). 

The bone filler will provide a scaffold and encourage the rapid filling of the void by naturally forming bone 

and provides an alternative to bone grafts. It will also become part of the bone structure and will reduce healing 

times compared to the situation, if no bone filler was used (P. Ducheyne, L.L. Hench, A. Kagan 2nd, M. 

Martens, A. Bursens, J.C. Mulier (1980), Effect of hydroxyapatite impregnation on skeletal bonding of porous 

coated implants, J. Biomed. Mater. Res. 14 225e237). 

The squid’s beak is one of the hardest organic substances in existence – such that the sharp point can slice 

through a fish or whale like a Ginsu knife. Yet the beak is attached to squid flesh that itself is the texture of jello. 

This is essentially the mouth of the squid, and the first stage of the digestive system. The beak is a hard structure 

rather like a parrot's beak. However, unlike a parrot's beak, the lower beak of the colossal squidoverlaps the 

upper beak. The beak is made of chitin and is surrounded by muscular tissue. Cephalopod families having the 

shell and the which is made of protein and chitin. In the shell, calcium carbonate is present along with chitin. So 

it is more strong to cut the fish and other type of prey. 

Many medical implants require hard materials that have to connect to or pass through soft body tissue, a 

mechanical mismatch that can lead to problems including a breakdown of the skin from abdominal feeding 

tubes or where wires pass through the chest to power heart pumps. Enter the squid.The tip of a squid’s beak is 

harder than human teeth, but the base is as soft as the animal’s Jell-O-like body. In order to connect the two, a 

major part of the beak has a mechanical gradient that acts as a shock absorber so the animal can bite a fish with 

bone-crushing force, yet suffer no wear and tear on its fleshy mouth (alcolm R. Clarke, Marine Biological 

Association of the United Kingdom, Natural Environment Research Council (Great Britain), A Handbook for 

the identification of cephalopod beaks). 

 

Giant Squid beak: 

 

 
Fig. 1: A dried giant squid beak in near south coast region  

 

Hydroxyapatite powder: 
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Fig. 2: Nanosized Hydroyapatite power 

 

Experimental Procedure: 

First the beak which was obtained from the squid has been cleaned well and dried out in the normal room 

temperature. Then the squid beak was crushed into coarse size particles. Then it has to be calcinated at the 

temperature of 1000
o
C, after some 30-35 min most of the organic compounds which were present in the beak 

were burned out. After 3 hours the squid beak might get transformed into calcium oxide. Then the crushing 

process would be the major process. To form or synthesize the hydroxyapatite powders means the beaks were 

crushed in the attrition or ball mill. In the attrition mill, it was equipped with zirconia balls and zirconia tanks 

(zirconia balls are 2mm in diameter). The crushed beakswere reactedon exothermic reaction with the phosphoric 

acid. Then the mixture was crushed continuously for 6h in 3500 rpm in attrition mill. In the ball mill, alumina 

balls were used to crush the mixture. It was operated at a speed of 350 rpm about 10 hours ofmilling.For 

homogenous mixing and to prevent agglomeration of the calcined.HAp powders usually degraded at high 

temperatures, the most common problem is appearance of CaO phase. After milling, a small amount of 

(approximately 0.25-0.75 g) each type of HAp powders were heat treated at 1000
o
Cfor 2 h in air 

atmosphere(Soido, C., Vasconcello, M.C., Diniz, A.G., Pinheiro, J. (2009) An improvement of calcium 

determination technique in the shell of molluscs. Braz. Archives Bio. Tech., 52(1): 93-98). (Adak, M.D., 

Purohit, K.M. (2011). Synthesis of nano-crystalline hydroxyapatite from dead snail shell for biological 

implantation. Trends BiomaterArtif. Organs. 25(3): 101-106. 5). The morphological characteristics of the 

calcined beak synthesized powders, were examined by scanning electron microscopy. 

 

RESULT AND DISCUSSION 

 

The HAp powders which was obtained from an experiment can be analysized in detailed manner. From the 

SEM analysis shown that the level of 100 nm size present. Homogeneous size distribution might be achieved 

with attrition milling compared to ball milling. In the ball mill, the irregular sized coarse particles were 

obtained. Using x-ray diffraction by attrition mill, compounds like calcite(CaCO3), monetite(CaHPO4), 

Hydrogen phosphate (H3PO3) along with Hydroxyapatite (HAp) were found. And by Bill mill we found 

monetite, Hydrogen phosphate and portlandite(Ca(OH)2). In attrition mill, HAp phase was not detected before 

the heat treatment but in ball mill some other phases were detected such as calcite, calcium-oxide, calcium 

phosphate(β-Ca3(PO4)2) and whitelockite(Ca3(PO4)2) (S.-C. Wu, H.-C. Hsu, Y.-N. Wu, W.-F. Ho (2011), 

Hydroxyapatite synthesized from oyster shell powders by ball milling and heat treatment, Mater. Charact. 62 

1180e118). 

Calcium carbonate that has been through calcination and hydration processes was then analyzed by X-ray 

diffraction for the ascertainment of Ca(OH)2 formation. After the calcination process at 1000°C for 2 hours and 

hydration for one week, the generated X-ray diffractogram (Fig-below) shows the formation of Ca(OH)2 phase 

and several other phases such as CaCO3dan Ca(PO4)2 (C. Balazsi, F. Weber, Z.K over, E. Horvath, C. Nemeth 
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(2007), Preparation of cal-ciumephosphatebioceramics from natural resources, J. Eur. Ceram. Soc. 27 

1601e1606). 

Typical bands of well-crystallised hydroxyapatitecan be observed (v3PO4 at 1094 and 1024 cm
-1

, v1PO4 at 

989 cm
-1

 and the triplet of v4PO4 at 672, 610 and 569 cm
-1

) (Anna Slosarczyk, CzeslawaPaluszkiewicz, Marek 

Gawlicki, ZofiaPasz-kiewicz(1997), The FTIR spectroscopy and QXRD studies of calcium phosphate based 

materials produced from the powder precursors with different Ca/P ratios, Ceramics International 23 297–304). 

(V.C. Farmer (1974), The Infrared Spectra of Minerals, Bartholomew Press, Dorkung, Surrey, p. 390). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Fig. 1(a): SEM Image ofHAp from Squid beak(attrition mill)  Fig. 1(b): SEM Image of HAp in nm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1(c): XRD Pattern of HAp from Squid beak(attrition mill) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2(a): SEM Image of HAp from squid beak(Ball mill)Fig. 2(b): SEM Image ofHAp in nm 
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Fig. 2(c): XRD Pattern of HAp from Squid beak (Ball mill) 

 

Conclusion: 
Finally, from the squid beak the nano sized Hydroxylapatitehas been obtained. In the SEM analysis showed 

that the ball milling processresulted in micrometer sized coagulated coarse grains withsmooth surface, whereas 

attrition milled samples were characterized by the nanometer sized grains. 

XRD analysis results the HAp phase exists in the sample with a fairly high degree of purity content.The 

XRD analysis confirmed that the Ca/P ratio of squid beak derived HAp was close to stoichiometric HAp. Based 

on the results of XRD, the synthesized HAp powder 264 exhibited good crystallinity (94.23%) and high phase-

purity. SEM analysis shows the characteristic sizes of about 0.17-0.65 µm which clearly visible on HAp with 

6% chitosan porogen. The addition of chitosan could reduce particle size and obtain uniform pores. Functional 

groups identification of HAp with porogen by FTIR showed that FTIR spectra of HAp with chitosan porogen 

resembled HAp without porogen. In vitro study showed that the longer the immersion time was, the release of 

Ca2+ would be increased. 
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