
375METALURGIJA 52 (2013) 3, 375-378

R. SAMUR, L. OZYEGIN, D. AGAOGULLARI, F. N. OKTAR, S. AGATHOPOULOS, 
C. KALKANDELEN, I. DUMAN, B. BEN-NISSAN

CALCIUM PHOSPHATE FORMATION FROM SEA URCHIN 
- (BRISSUS LATECARINATUS) VIA MODIFIED 
MECHANO-CHEMICAL (ULTRASONIC) CONVERSION METHOD

Received – Prispjelo: 2012-08-16
Accepted – Prihvaćeno: 2012-12-16

Preliminary Note – Prethodno priopćenje 

ISSN 0543-5846
METABK 52(3) 375-378 (2013)

UDC – UDK 546.41:631:632:66.085=111

R. Samur, Marmara University, Istanbul, Turkey; L. S. Özyegin, Mar-
mara University, Istanbul; D. Ağaoğulları, Istanbul Technical University, 
Istanbul; F. N. Oktar, Marmara University, Istanbul; S. Agathopoulos, 
 Ioannina University, Greece; C. Kalkandelen, Istanbul University, Istan-
bul; İ. Duman, Istanbul Technical University, Istanbul; B. Ben-Nissan, 
The University of Technology, Sydney, Australia.

This study aims to produce apatite structures, such as hydroxyapatite (HA) and fl uorapatite (FA), from precursor 
calcium phosphates of biological origin, namely from sea urchin, with mechano-chemical stirring and hot-plating 
conversion method. The produced materials were heat treated at 800 °C for 4 hours. X-ray diff raction and scanning 
electron microscopy (SEM) studies were conducted. Calcium phosphate phases were developed. The SEM images 
showed the formation of micro to nano-powders. The experimental results suggest that sea urchin, Brissus latecari-
natus skeleton could be an alternative source for the production of various mono or biphasic calcium phosphates 
with simple and economic mechano-chemical (ultrasonic) conversion method.
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INTRODUCTION

Calcium-phosphate-based ceramics have been used 
successfully for more than 40 years to replace and aug-
ment damaged or degenerative hard tissues. Bone itself 
has a composite structure comprised of biogenic hy-
droxyapatite (HA) nano-crystals organized throughout 
a continuous organic matrix [1]. Hydroxyapatite has a 
general chemical formula of Ca10(PO4)6(OH)2. It can be 
produced either synthetically or from naturally derived 
resources. HA is used in orthopedic and dental graft ap-
plications but it is normally surgically applied only on 
non-load bearing applications due to the relatively poor 
mechanical properties.

There is a great interest not only in developing ways 
of processing HA synthetically but also in understand-
ing of the theoretical aspects of their in vitro and in vivo 
behavior under functional loading.

Currently there is an ongoing research on the syn-
thesis methods of calcium phosphates from natural ma-
terials such as: natural composites [2], bones, dentine 
[3], enamel, and natural waste materials, such as egg-
shells, shells of some marine mollusks such as sea ur-
chins [4, 5], mussels, sea and land snails [6] and cuttle-
fi sh bones. Some other materials of biological origin 
were calcined (i.e. presintered) under ambient tempera-
ture, e.g. 850 °C (i.e. bovine bone, human dentine [5], 

and human enamel, for HA powder preparation. Anoth-
er process for HA preparation is the transformation of 
aragonitic structures (such as corals) with hydrothermal 
treatment, hot-plating, and ultrasonication [4].

In this study, sea urchin, Brissus latecarinatus (Fig-
ure 1), was chosen to be the aragonite source to trans-
form to calcium phosphate phases, via heating and ul-
trasonication methods. The sea urchin was fi rst named 
by Leske in 1778, which is widely distributed in Indo-
west Pacifi c Ocean, except Arabian Sea and Australian 
coast. It is also seen in Hawaii [4]. Simple chemical 
methods, like heating and ultrasonication, are very eco-
nomical techniques for the production of calcium phos-
phates. Agaogullari et al. [4] produced in a previous 
study monetite and other calcium phosphates which 
were precursors of HA. Kel et al. also produced mon-
etite, fl uorapatite and calcium phosphates from land 
snail shells via heating and ultrasonication methods [6]. 
Ozyegin et al. reported a similar monetite production 
from a sea snail (from Turkey, Black Sea) with the same 
method [7].

Figure 1 Sea urchin - Brissus latecarinatus
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MATERIALS AND METHODS

Heating and ultrasonic stirring methods were ap-
plied to produce powders of calcium phosphate biocer-
amics which can be applied in tissue engineering as 
bone graft materials. Marine structures are very versa-
tile and readily available. For this purpose Brissus late-
carinatus shells were obtained from a local shop in Is-
tanbul, Turkey.

According to differential thermo gravimetric analy-
sis (DTA/TG), the exact CaO content of urchin was de-
termined [4]. The suspended raw powders (in distilled 
water) were heated on a hot-plate while an ultrasonic 
mixing was applied. The temperature (in both cases) 
was set at 80 °C. Then, appropriate (according to the 
amount of CaCO3 in the sea urchins) amount of H3PO4 
solution was added into the suspension. The reaction 
lasted 2 hours (both for hot-plate and ultrasonication 
methods). Then, the liquid part was evaporated in an 
incubator at 100 °C for 24 hours. The dried sediment 
was collected for further treatment and analyses.

The X-ray diffraction analysis was conducted to de-
tect the formation of calcium phosphates. The produced 
powders were fi red at 800 °C for 4 hours to promote the 
formation of other calcium phosphates.

X-ray diffraction and SEM (JEOL 590) studies were 
conducted in the fi nal products. For the SEM images, 
the produced powders were dispersed in acetone, ultra-
sonically stirred, and dropped on metallic stoppers and 
then coated with platinum.

RESULTS AND DISCUSSION

Nanostructured materials, such as HA, can be ob-
tained by many ways [7]. Natural species of sea origin, 
such as corals and nacres, always attract special interest 
in biomaterials science and technology.

Their bio-mineralization mechanism has been ex-
tensively investigated and documented.

The production of HA from natural aragonite via hy-
drothermal transformation is a known technique since 
1970 s when corals from the Pacifi c Ocean were trans-
formed into HA-scaffolds that featured great similari-
ties to the mineralized structure of bones. Corals are 
among a number of marine species that are in danger of 
diminishing due to the global warming and climate 
change. However a new generation of artifi cially grown 
corals is now available in commercial quantities.

The general structure of sea urchin is shown in Figure 
2a gives the top view of Brissus latecarinatus. Another 
SEM image (Figure 2b) was taken from the side of the 
fracture surface. This image shows a very porous struc-
ture with a pore size ranging between ~10 μm and ~50 
μm. Figure 3 shows the X-ray diffractogram of the raw 
sea urchin Brissus latecarinatus. The peaks match well 
the patterns of (Ca,Mg)CO3 (JCPDS 00-043-0697).

In Figure 4, as shown in the SEM, the interconnect-
ed pores ranging from 2 µm to 30 µm are observed. In 

Figure 5, some typical calcium carbonate (aragonite or 
calcite) crystals are clearly seen in the powdered raw 
material.

In Figure 6 morphological changes of the crystals 
after the transformation with hot-plate and ultrasonica-
tion methods and fi ring at 800 οC for 4 hours (Figures 6 
a and 6 b, respectively) are observed which have parti-
cle sizes ranging between 1-5 μm.

Figure 7 compares X-ray diffractograms of the sea 
urchin in hot-plated (Figure 7 a) and ultrasonicated 
forms (Figure 7 b).

Figure 2  SEM images of (a) the top-view of the surface 
of a sea urchin at x 85 magnifi cation and (b) fracture 
surface of the sea urchin’s walls at x 200 
magnifi cation.

a

b

Figure 3  X-ray diff ractogram of raw sea urchin, Brissus 
latecarinatus.
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In the hot-plated material calcium pyrophosphate 
(JCPDS 00-009-0346) was formed. In the ultrasonicat-
ed samples, formation of a mixture of calcium pyro-
phosphate (JCPDS 00-009-0346) and calcium phos-
phate (JPDS 00-015-0177) can be suggested.

Calcium pyrophosphate ceramics are traditionally 
processed by fi ring secondary phosphates like brushite 
or monetite.

a

b

Figure 4  SEM images at (a) lower and (b) higher magnifi cation 
from cross-sections of the sea urchin.

Figure 5  SEM image of raw (not transformed) crushed powder 
from the sea urchin.

a

b

Figure 6  Particles, which were produced by hot-plating (a), 
and ultrasonication (b) methods, after fi ring at 800 °C 
for 4 hours.

CONCLUSIONS

Natural marine structures are very promising and at-
tractive candidates for producing meso, micro and na-
no-powders of calcium phosphate bioceramics for med-
ical applications. The methods used in this study, which 
effi ciently combine hot-plate and ultrasonication, are 
safe, simple, and economic for calcium phosphate bio-
material production.

According to the X-ray diffraction analysis, the cal-
cium pyrophosphate was the only phase in hot-plating 
process when compared to ultrasonication.

Figure 7  X-ray diff ractograms of sea urchin powders, 
(a) hot-plated and (b) ultrasonicated

b

a



378  METALURGIJA 52 (2013) 3, 375-378

R. SAMUR et al.: CALCIUM PHOSPHATE FORMATION FROM SEA URCHIN - (BRISSUS LATECARINATUS)

Acknowledgements

Asst. Prof. Dr. SAMUR acknowledges the support 
by Marmara University, Scientifi c Research Projects 
Department (BAPKO), project FEN-B-250608-0180. 
The authors also acknowledge the SEM operator Mr. 
Mustafa İLHAN of Faculty of Engineering, Department 
of Metallurgical and Materials Engineering. Marmara 
University. 

REFERENCES

[1] Bento, A. C., Almond, D.P., Brown, S. R., Turner, I. G., 
Thermal and optical characterization of the calcium phos-
phate biomaterial hydroxyapatite, Journal of Applied Phy-
sics 79 (1996), 6848-6852.

[2] Coelho, T. M., Nogueira, E. S., Steimacher, A., Medina, A. 
N., Weinand, W. R., Lima, V. M., Baesso, M. L., Bento, A. 
C., Characterization of natural nanostructured hydroxyapa-
tite obtained from the bones of Brazilian river fi sh, Journal 
of Applied Physics 100 (2006) 094312-1 - 094312-6.

[3] Goller, G., Oktar, F. N., Sintering Effects of Biologically 
Derived Dentine Hydroxyapatite on Mechanical Proper-
ties, Materials Letters 56 (2002) 142-147.

[4] Agaogulları, D., Kel, D., Gokce, H., Duman, I., Öveçoğlu, 
M. L., Akarsubasi, A. T., Bilgic, D., Oktar, F. N., Biocera-
mic production from Sea Urchins, Acta Physica Polonica A 
121 (2012) 23-26.

[5] Vecchio, K. S., Zhang, X., Massie, J. B., Wang, M., Kim, 
C. V., Conversion of sea urchin spines to Mg-substituted 
tricalcium phosphate for bone implants, Acta Biomateria-
lia 3 (2007) 785-793.

[6] Kel, D., Gökçe, H., Bilgiç, D., Ağaoğulları, D., Duman, I., 
Öveçoğlu, M. L., Kayalı, E. S., Kıyıcı, I. A., Agathopou-
los, S., Oktar, F. N., Production of Natural HA from Land 
Snails, Key Eng. Materials 493-494 (2012) 287-292.

[7] Ozyegin, L. S., Sima, F., Ristoscu, C., Kiyici, I.A., Mihai-
lescu, I. N., Meydanoglu, O., Agathopoulos, S., Oktar, F. 
N., Sea Snail: An Alternative Source for Nano-Bioceramic 
Production, Key Engineering Materials 493-494 (2012) 
781-786.

Note:  The responsible translator for English language is Ö. Faruk 
CANTEKİN, School of Foreign Languages, Gazi University, Turkey


