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PREFACE

Makassar city, the capital of South Sulawesi province known as one of the biggest
cities in Indonesia and also having Hasanuddin University, the biggest university in
eastern part of Indonesia, has plenty of natural resources and human resources.
Having a strategic position at the center point of Indonesia, Makassar has been
developing very rapidly, and has been contributing to the regional, national and
even international economic development. Given this, science can play important
roles and therefore is needed to support rapid development in various sectors.

With regard to this, cooperates with Ministry of Environment Indonesia,
Atmospheric and Ocean Research Institute (AORI) Japan, University of Kebangsaan
Malaysia (UKM), Alfred Wagener Institute (AWI) Germany, Queensland University
of Technology (QUT) and Flinders University Australia, Faculty of Mathematics
and Natural Sciences Hasanuddin University carried out “The First International
Conference on Science (ICOS-1)” on November 19-20, 2014, in Hotel Clarion
Makassar. The theme of ICOS-1 is “Science Enhancement for Developing
Countries”. The conference attended by two hundred participants and came from
Asia (Japan, Malaysia, Indonesia), Australia, and Europe.

There are approximately 97 research articles for oral presentations and 16 poster
presentations, ranging from Biology, Statistics, Mathematics, Chemistry, Physics,
Geophysics, Computer Science and Environmental Science. Of the 113 papers,
there are approximately 79 papers were selected to be published in the proceedings
of the [COS-1 through the peer review process.

With regard to the delivery of the ICOS-1 in 2014 and the completion of the
proceedings 1COS-1, 2014, allow us to thanks to: the authors for providing the
content of the program, the conference participants who came from several public
and private universities, the program committee and the senior program committee,
who worked very hard in reviewing papers and providing feedback for authors to be
included in the Proceedings of ICOS-1, 2014, the hosting organisation Hasanuddin
University, our keynote and invited talk presentations inctuding Ir. Muh Ilham
Malik M.Sc, from Ministry of Environment Indonesia, Prof Koji Inoue from AORI
Japan, Prof Mohammad B Kassim from UKM Malaysia, Dr.rer.nat Dominik Kneer
from AWI Germany, Prof Dadang A. Suriamihardja and Prof Alfian Noor from
Hasanuddin University, Prof Kerrie Mengersen from QUT and Dr. Darfiana Nur
from Flinders University, Australia.

Hopefully is of benefit to all readers.

Yours faithfuly,

Prof Dr. Hanapi Usman M.S

Dean of Faculty Mathematics and Natural Sciences
Hasanuddin University
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THE TEMPERATURE EFECT ON SYNTHESIS OF
HYDROXYAPATITE NANOCRYSTAL THROUGH
PRECIPITATION METHODE

Fathur Rahman M, Indah Raya'’, Hasnah?, Maming®, Kasmawaty Iswar*

1234Chemistry Department, Faculty of Mathematics and Natural Sciences, Hasanuddin
University, Makassar 90245, Indonesia
*Email: indahraya05@gmail.com

Abstract

Hydroxyapatite (HAp) is a material that similar to the structure of human hard tissue (bone and
theeth. Nano-hydroxyapatite has increase cell proliferation and cellular activity associated with
bone growth. This study purpose at synthesizing HAp that use egg shells compost as a source of
calcium which was reacted with (NHy):HPOy. HAp in this study were synthesized by precipitation
method, in the first phase, carried out of calcination shell eggs, the second phase synthesized by
precipitation method with temperature variations and the third stage to perform sintering with
variations time . The results of the synthesis were characterized using XRD, FTIR, and SEM
instruments. The results showed that over all diffractograms shows the phase of HAp , but there are
other phases such as a-TCP, f-TCP, AKA, and AKB. The optimum temperature of synthesis is 40°C,
while sintering optimum temperature is 800 °C for 1 hours. These conditions revealed a particle size
of 62,31 nm. The higher temperature showed the greater size of pariicle.

Keywords. egg shells, calcinations, hydroxyapatite.

I. INTRODUCTION

Hydroxyapatite (HAp) is made by chemical synthesis called synthetic HAp.
Synthetic HAp can be obtained not only by reacting synthetic compounds but also
react with natural compounds that could be used as a substitute for human hard
tissue [,

Nanostructured hydroxyapatite have better bioactivity than big structure
crystals. Nano hydroxyapatite have a grain size < 100 nm, a high surface activity
and structure similar to the mineral found in bones and teeth hard tissue 1. It is
known that bioceramics similar mineral composition and structure of the bone could
be easy to encourage the following formation of bone tissue .

There are many methods that have been used to synthesize HAp, one of them
used precipitation method, this method has the advantages of the process of
synthesis meanly simple, low processing costs, low contamination during mixing,
and can high level of HAp purity 4]

The eggs produce waste in the form of egg shells is a source of calcium
carbonate (CaCQOs) in the largest more than 95 %, based on data from Statistics and
Animal Health B!, The chicken laying generate egg as much as 1.0278 million tons
ot 68.75 % of the total egg production and in 2011 of 1.4562 million tons.

The production of chicken egg shells will continued to abound along with its
use as a raw material for food and to benefit other areas and it 1s one of very
promising alternative processing into hydroxyapatite ®,, Making calcium from
eggshell then need to be changed first in a form that is easier to absorb the body.

-315-
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Innovation on the synthesis of HAp nanoparticles with utilization of waste eggshell
give high odds and very worth to be developed further.

Innovation in nanocrystal synthesis by utilization of waste eggshell give high
odds and should be developed turther. The researched aim to determine the ettect of
temperature on the synthesis of nano-crystalline HAp with calcium precipitation
method in which the source is derived from the shells of chicken eggs

2. METHODOLOGY
2.1 Materials and Apparatus

Tools used are glass tools, burettes, funnels, furnace, analytical balance,
magnctic stirrer, magnctic bar, Idcalifc hotplatc,6000-Bamstcad Thermolyse
furnace , desiccator, thermometers, oven Spnisosfd, stopwatch, atomic absorption
spectrophotometry (Perkin Elmer ® 900T) X-ray diffractometer Shimadzu 6000
model, and FTIR (Fourier Transform infra Red) Prestige-21 Shimadzu.

The materials have been used, among other waste egg shells, (NH4)2HPO4, distilled
water, aluminum foil, and Whatman filter paper number 42.
2.2 Scope of Research

Hydroxyapatite was synthesized by precipitation method. Shell eggs is used as
sources of calcium , while the phosphorus comes from (NH4)HPO4. In the first
phase, do calcining egg shells, the second phase of the synthesis is performed by
precipitation method. The third phase is done by varied the sintering time. The
results is identified by XRD, I'TIR, and SEM.

2.3 Caleining egg shells.

Waste eggshell is cleaned by distilled water and dried at room temperature.
Furthermore, the calcination is carried out at the samples on 1100°C temperature
for 25 hours. After that, the calcium levels is tested using XRF .

2.4 Synthesis by precipitation method .

Calcium oxide (Ca0) as calcination result then suspended in 100 mL of distilled
water with | M of concentration of Ca. After that, 100 mL of 0.6 M solution
(NH4):HPO4 dropwise added to CaO suspension at 20, 40, 60, 80, and 100°C
temperatures while the solution is stirred with magneticstirrer with a time of 5
hours and allowed to stand for 24 hours at room temperature. Afterwards, the
precipitate formed is filtered with Whatman 42 filter paper and dried at 110°C for 5
hours.

2.5 Sintering.

Furthermore, sintering is performed to dried precipitate to obtain compound
Cao(PO4)s(OH)2 at 800°C for 1| hour. After that, the characterization of the
compounds Caio(PO4)s(OH), produced by using X-ray diftraction and FTIR.

3. RESULT AND DISCUSSION

Characterization results calcination phase shell eggs observed using X-ray
diffraction and calcium levels is tested by XRF. Variation of time in the calcination
process aim to examined optimum conditions the CO: ion release into the air.
Calcining eggshell will undergo a chemical reaction as follows:

€CaCO3 — CaO + COz

Calcination reaction can occur when the compoundcontain calcium 1s heated at a
temperature above the melting point (melting point of Ca = 825 °C). Eggshell is
calcined at 1100 °C caused calcium carbonate decomposes into calcium oxide and

-316-




Proceeding of The First International Conference on Science (1C0OS)-1 2014
ISBN 978-602-72198-0-9

carbon dioxide. Presence of carbonate may interfere proces formation of crystalline
HAp ™.
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Figure 2. Eifect ol synthesis temperature on the formation of” HAp

Analysis results in figure 1 shows that HAp compound begin detected at 20 °C. The
intensity of HAp phase formation increas at temperatures of 40 °C and at 60 - 100
°C is decreased. significantly, HAp compound is formed calculation to phase
probability sample XRD results via matching with JCPDS standard data and seen
from the XRD pattern obtain optimum synthesis temperature is 40 °C with an
intensity of 17252.
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Hydroxyapatite (HAp) synthesis (figure 3) shows the overall phase has been
formed HAp but formed the carbonate apatite phases, namely type A carbonate
apatite (AKA) with molecular formula Ca,;o(PO4)cCOs3 and type B carbonate apatite
phase (AKB) with the molecular formula Cayo(PO4)3(CO3)3(OH)2. AKA phase, the
position of OH on HAp structure is replaced by carbonate ions, while at phase AKB
the position of the POs* replaced by carbonate ions. It can be happened because in
general as well as the results of biological apatite synthesis at low temperatures is
carbonate apatite type B, whereas apatite produced from dense reactions and high-
temperature arc type A carbonate 'l Samples at 40°C with 5 and 2 hours sintering
time shows of HAp phase for the entire peak with high purity compared to other
samples.

In addition to the AKA and AKB formed at HAp synthesized there B-TCP
phase. This phase when heated further can form a-TCP. The change phase HAp to
TCP caused by the loss of "OH groups (and releases water vapor) so HAp has
dehydrated [9]. In order to obtain HAp with high density and stable, sintering is
done to a certain temperature and maintained in order to avoid decomposition of
HAp into B - TCP or other compounds. The sintering temperature is one factor that
can affect the decomposition because the surface of HAp can active interact with
the atmosphere around it at a certain temperature (o1,

Heating temperature affects the crystallinity is formed. The more arrangement
of atoms in a material orderly then more higher crystallinity. The more higher
heating temperature caused the arrangement of atoms in the sample more regular so
that more crystals formed.

Table 1 : Effect of variafion temperature | sticing time and sintering time on the crystal size

Variation cos FWHM B (rad) Crystal size (nm)
20 0.9603 0,2728 0,0023 62.31
40 0,9604 0.2740 0,0023 62,31
Temperature (*C) 60 0,9598 0,2709 0,0023 62,31
80 0.9603 0,2829 0,0024 59,60
100 0,9598 0,2772 0.,0024 59,60

318




ISBN 978-602-72198-0-9

ﬁ Proceeding of The First International Conference on Science (1COS)-1 2014

Figure 4 : Morphology of Nano Hydroxyapatite SEM test results

The result of micrographs at 40 °C in 5 hours stirring with 1 hour sintering
time is obtained in the crystals form of some compound apatite are gathered with
the form is not uniform, is smooth surface. Morphological observation used SEM
(Figure 4) for the synthesized HAp particles having little bit of a problem because
the particles undergo agglomeration, it is hard to know accurately of the
morphology of single particles of HAp. HAp crystallites synthesized tend to form
agglomerates . The SEM observations data is known that the morphology of the
synthesized HAp particles appear round like a ball but can not be observed
properly due Lo the agglomeration of the particles. SEM results of commercial Hap
appareance granules that make up the aggregate. Granule size is uneven and has a
smooth structure. These results indicate that the synthesis using precipitation
method produces a perfect HAp 141,

4. CONCLUSION

Synthesis of nano-hydroxyapatite prepared by precipitation method. Based on
the XRD results, the overall diffractogram shows the phase of hydroxyapatite, but
there are other phases such as a-TCP, B-TCP, AKA, and AKB. Synthesis results for
the optimum temperatureHAp synthesis is 40 °C at 800 °C sintering temperature is
2 hours with a particle size of 62.31 nm. For a long time the sintering time the
particle size more mcrease. Based on SEM analysis, apatite compounds are
assembled with a form was not uniform where a smooth surface due to
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agglomeration. At the time of synthesis and screening process are kept to minimize
contact with the air in order to obtain greater purity.
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