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Abstract
Calcium phosphate, particularly hydroxyapatite (HAp) is an important material in biomedical 
engineering applications. The development of HAp is continued rising due to the similarity and 
biomimetic requirements to the hard tissue of human body such as bone and dental. The purpose 
of our work was to produce and describe HAp bioceramic powder from environmental and cheap 
source (Bovine bone) by thermal process at various calcination temperatures. The analysis of 
Fourier transform infrared spectroscopy (FTIR) verified the formation of HAp because of the 
existence peaks related to phosphate and hydroxyl groups. The analysis of Raman confirmed 
findings of the FTIR the formation of HAp due to the appearance of peaks at 960 and 920 cm−1 
related to a phosphate group. A result of Energy-dispersive X-ray spectrometry (EDS) also referred 
to Ca/P atomic ratio at 1000 °C was 1.6 that has been near stoichiometric hydroxyapatite (1.67) 
in human body.
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1. Introduction
Calcium phosphate (CaP) ceramics are a group of ceramic 

materials including calcium ions (Ca2+), different phosphate 
ions [PO4

3−, PO4, P2O7
4-], and sometimes hydroxide (OH-) or 

carbonate (CO3
2-) ions [1]. CaP can be divided into 3 kinds: 

Hydroxyapatite (HAp), Tricalcium phosphate (TCP), and 
Tetracalcium phosphate (TTCP) based on atomic ratio of 
Ca/P [2]. It is common knowledge that atomic ratio of Ca/P is 
the main factor in identifying the bioactivity and dissolution 
property of CaP. A decrease in Ca/P atomic ratio will increase 
the disintegration rate of CaP [3]. Atomic ratio of Ca/P in 
bone and dental of human body exceeds (1.67) represents HAp 
[Ca10(PO4)6(OH)2] in comparison with Ca/P atomic ratio of 
TCP (1.5) and TTCP (2) [4]. 

Due to the continued rising similarity and biomimetic 
requirements to the hard tissue of human body such as 
bone and dental, the use of HAp in biomedical and dental 
applications is rapidly increasing. In addition, the need for 
biocompatibility, osteoconductivity, and bioactivity in the 
biomedical application, tooth implants, and maxillofacial 
surgery, make this ceramic valuable for applications in the 
medical engineering. 

HAp is the one of the major constituent of hard tissue 
(bone and teeth) of human body. Table 1 shows biological, 
mechanical, and physiochemical, properties of HAp [5]. HAp 
can be produced in two methods including chemical methods 
[6][7] and natural resources[8][9]. HAp typically synthesized 
from the chemical methods presents some drawbacks: they 
are having cytotoxicity [10], hazardous chemicals [11] and 

relatively high cost [4]. On the other hand, HAp synthesized 
from the natural resources that can be used without any 
drawbacks in terms of similar chemical composition and 
physical properties [12]. 

Properties Data Properties Data

Chemical 
composition

Ca10(PO4)6(OH)2 
or Ca5(PO4)3(OH) Hardness (HV) 600

Ca/P molar ratio 1.67 Decomposition 
Temp. (°C)

More than 
1000

Crystal system Hexagonal Melting point (°C) 1614

a=b
c

0.942 nm
0.688 nm

Thermal conductivity 
(W/cm. K) 0.013

Young’s modulus 
(GPa) 

80-110 Biocompatibility High

Elastic modulus 
(GPa) 

114 Bioactivity High

Density (g/cm3) 3.16 Biodegradation Low

	 Table 1	 Physiochemical, mechanical and biological properties of HAp [5][13][14]
	1. táblázat	 A HAp. Fizikokémiai, mechanikai és biológiai tulajdonságai

The purpose of our work was to produce and describe HAp 
bioceramic from environmental and cheap source (Bovine 
bone) by thermal process at various calcination temperatures. 
This study is divided into four steps. 
■■ Calcine of the Bovine bone at different temperatures 

(600-1000) ºC for 2 hours.
■■ Calculate the Ca/P atomic ratio of calcined bones at 

different calcination temperatures by using energy-
dispersive X-ray spectrometry (EDS). 
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■■ Determine the best atomic ratio of Ca/P that is close to 
1.67 and that represents HAp.

■■ Characterize the HAp by different techniques such 
as Fourier transform infrared spectroscopy (FTIR), 
Raman spectrum, Scanning electron microscopy 
(SEM), and atomic force microscopy (AFM).

2. Experimental procedure
2.1 Bovine bone preparation

Bovine bone femur was provided by a local meat shop and 
cut into small pieces. The bone pieces were boiled in water 
for 2 h and washed utilizing a strong water jet to take out the 
adhering meat. Drying process was taken at 50 °C for 1 h in a 
furnace and afterward dried at room temperature for 2 weeks. 
Finally, the bovine bones were submerged in acetone for 30 
min and cleaned with water for several times. Fig. 1 shows the 
bovine bone after preparation with yellowish white color.

	 Figure 1	 Bovine bone after preparation
	 1. ábra	 Szarvasmarha csont előkészítés

	 Fig. 2	 Calcination process schedule
	 2. ábra	 Meszesítési folyamat leírás

	 Fig. 3	 Bovine bone after calcination process
	 3. ábra	 Szarvasmarha csont meszesítési eljárás után

2.2 Calcination process
The bovine bones were calcined in a muffle furnace at 

various temperatures for 2 h. Calcination temperature was 
incrementally increased from 600 to 1000 ºC with a step size 
of 100 ºC. Fig. 2 shows the calcination process schedule. The 
heating and cooling rate were kept constant at 10 °C min-1. 
Fig. 3 shows the color of bovine bone after calcination changes 
from yellowish white to white.

2.3 Characterization of calcined bone 
Energy-dispersive X-ray spectrometry (EDS) was used to 

analyze localized chemical composition of calcined bone and 
determined the atomic ratio of Ca/P. Fourier transform infrared 
spectroscopy (FTIR) spectra were utilized so as to achieve the 
functional groups in calcined bone in the scope of 400 – 4000 
cm−1. The crystalline phases of the sample were determined by 
utilizing Raman spectroscopy. scanning electron microscopy 
(SEM) and Atomic force microscopy (AFM) were carried out 
to capture the surface morphology and topography of the 
calcined bone powder.

3.Results and discussion
3.1 Energy-dispersive X-ray spectrometry (EDS)

Table 2 shows EDS analysis of calcined bone at various 
temperatures. As can be seen, increasing calcination temperature 
from 600 to 1000 ºC lead to the decreasing of Ca/P atomic 
ratio from 2.425 to 1.6. It was decided that the best calcination 
temperature for this study was 1000 ºC due to Ca/P atomic ratio 
at this temperature was 1.6 that has been near stoichiometric 
hydroxyapatite (1.67) in human body. The result of EDS also 
referred to the presence of primary constituents such as Ca and 
P with some minor constituents such as Mg, Na, Cl, K, Si, and 
O. Piccirillo et al. [15] in their work on the characterization of 
HAp and TCP mentioned that these minor components such 
as Na and Cl improves on biocompatible and osteointegration.

temperature

Elements wt%
600 ºC 700 ºC 800 ºC 900 ºC 1000 ºC

C 2.878 2.373 2.628 2.567 3.050

O 29.474 35.277 34.945 37.080 42.348

Na 0.539 0.785 1.042 1.154 1.508

Mg 0.398 0.526 0.564 0.554 0.734

Si 1.644 1.959 2.146 1.360 1.012

P 15.424 16.042 16.114 16.557 17.095

Cl 0.248 0.101 0.103 0.087 0.095

K 0.997 0.864 0.952 0.671 0.442

Ca 48.398 42.073 41.507 39.972 33.716

Ca/P ratio 2.425 2.026 1.990 1.865 1.6

	 Table 2	 Chemical composition (wt%) of calcined bovine bone at various temperatures
	2. táblázat	 Különböző hőmérsékleten meszesített szarvasmarha csontok kémiai 

összetétele (tömeg %)

3.2 FTIR and Raman of calcined bone at 1000 ºC
Fig. 4 shows a FTIR spectra of calcined bone at 1000 ºC. A 

typical HAp molecules structure is indicated by the presence 
of peaks matching to phosphate and hydroxyl groups. The 
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organization of HAp structure is dependent on this kind of 
groups [16]. Phosphate groups are a common part of FTIR 
spectra of HAp, which can be divided into three vibrational 
modes: symmetric stretch, asymmetric stretch and bending. 
The symmetric stretch mode is represented in FTIR spectra 
(Fig. 4) at the peak 960 cm-1 corresponding to PO4

3−, 
asymmetric stretch mode is represented at the peaks 1090-
600-568-460 cm-1 corresponding to PO4, and bending mode is 
represented at 1025 cm-1 corresponding to PO4

3−. The peak at 
630 cm-1 is represented due to the vibrational of the hydroxyl 
group. In addition, the presence of 850 cm-1 band in spectra 
corresponding to P-OH related to HPO4 group. A remarkable 
feature of HAp is the presence of HPO4 group. The phosphate 
and hydroxyl groups were corresponded in accordance with 
[16][13][17].

The other test carried out with Raman spectrum (Fig. 5) 
confirmed findings of the FTIR the formation of HAp due 
to the appearance of peaks at 960 and 920 cm−1 related to a 
phosphate group [18].

	 Fig. 4	 FTIR spectra for calcined bone powder at 1000 ºC calcination temperature
	 4. ábra	 1000 ºC-on meszesített porított csont FT-IR spektroszkópia

	 Fig. 5	 Raman spectrum of Bovine bone heated at 1000 °C
	 5. ábra	 1000 ºC-on hevített szarvasmarha csont Raman spectroszkopia

3.3 SEM and AFM of calcined bone at 1000 ºC
The result of SEM is presented in Fig. 6 with different 

magnifications. The shape of HAp particles was irregular like 
needle and polygonal and the size was between 10 nm and 
150 nm as shown in Fig. 7. The results carried out with AFM 
confirmed findings of SEM as shown in Fig. 8. 

	 Fig. 6	 SEM micrograph of bovine bone heated at 1000 °C showing the shape of HAp 
particles at three different magnifications

	 6. ábra	 SEM felvételek az 1000 ºC-on hevített szarvasmarha csont szelet Hap. 
szemcsékről három különböző nagyításban

	 Fig. 7	 Particle size of powder bone after heating at 1000 °C
	 7. ábra	 1000 ºC-os hevítés után szarvasmarha csont szemcsék mérete
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	 Fig. 8	 Topography and surface properties of powder bone after heating at 1000 °C
	 8. ábra	 1000 ºC-on hevített szarvasmarha csont por topográfiai és felületi jellemzői

4. Conclusions
1- The result of EDS referred to the best calcination 

temperature for this study was 1000 ºC due to Ca/P atomic ratio 
at this temperature was 1.6 that has been near stoichiometric 
hydroxyapatite (1.67) in human body.

2- FTIR and Raman analysis confirmed the formation of 
HAp by the presence of peaks matching to phosphate and 
hydroxyl groups which are of great significance in a scope of 
HAp structure.

3- The shape of HAp particles was irregular like needle and 
polygonal and the size was between 10 nm and 150 nm.
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Ladies and Gentlemen,
Dear Cement Researchers, Producers and Users,

This is our honour and great pleasure to invite you to the 15th International Congress on the Chemistry 
of Cement (ICCC 2019) which will be held in September 16–20, 2019 in Prague, Czech Republic.

The International Congress on the Chemistry of Cement (ICCC) is the renowned global platform which 
summarizes the state of art of cement chemistry as well as major trends in cement application. 
Since the first International Congress on the Chemistry of Cement started in London in 1918,  
it has provided a strong and fruitful link between the academic world and the cement industry. 
It has always stimulated scientific exchanges and discussions between students and those who 
have already gained working experience in all of the many fields of chemistry relevant to cement 
production and its use in concrete and mortar.

The ICCC 2019 will present cement and environmental development worldwide and renowned 
experts from all over the world are invited to present their work at the Congress. The scientific 
programme will cover the topics of the newest and the most important research and development 
describing cement and clinker chemistry (incl. kiln process technology), the nano and macro properties  
of the clinker and cement, hydration processes, the impact of additives and admixtures, leaching 
processes, the behaviour of trace elements, microscopy outputs, alternative binders, durability  
of concrete, standards and codes, as well as modern laboratory instrument equipment.  
The Congress will consist of many plenary lectures and parallel sessions on a variety of topics, offering  
to the scientists, researchers, producers and users from all over the world the opportunity to meet, 
to present and to exchange their research results and knowledge.

The Congress is organized by Research Institute of Binding Materials Prague and the Czech 
Cement Association under the auspices of the President of the Czech Republic, the Prime Minister  
of the Czech Republic and the Ministry of Industry and Trade. Following the previous successful 
congresses, the last in Beijing, China, this is a big challenge for both organizers to keep  
and to improve the very high standard of congresses and satisfy all expectations of attendees.  
The Organizing Committee is pleased with the possibility to host this unique event in the Czech 
Republic – a small, pleasant country in the heart of Europe with rich history, beautiful countryside, 
modern infrastructure and nice people.

Everyone from around the world is invited to come and actively participate in this event, to get new 
information and contacts and to enjoy the favourable social activities.

Moreover, participation in ICCC 2019 is for you a unique occasion to visit Prague, one of the most 
charismatic cities on Earth, renowned for its rich history, stunning architecture, friendly people,  
and a fun-loving culture.

We sincerely look forward to meeting you in Prague in September 2019.

Lukáš Peřka Jan Gemrich
Chairman of the Organizing Committee Chairman of the Scientific Committee

Secretary of the Steering Committee

THEMES AND MAIN TOPICS OF THE CONGRESS

1. Process Technology and Clinker Chemistry
• natural and alternative raw materials and meal

composition
• alternative fuels
• preheater and kiln reactions and bypass operations
• clinker formation chemistry and cooling processes
• grinding and grinding aids
• capture and reuse of greenhouse gases,

control of other emissions

2. Hydration, Structure and Thermodynamics
of Portland Cements
• hydration kinetics and hydration reactions modeling
• C-S-H and other hydration phases
• thermodynamics processes
• new techniques for micro and nano structure

characterization

3. Supplementary Cementitious Materials (SCMs)
• processing and reactivity and influences on hydration
• new SCMs and its combination
• control of workability
• wastes and solid industrial residues as SCMs

4. Other Binders and their Application
• alkali-activated materials
• calcium sulfoaluminate cements
• belite-based cements and other low carbon binders
• tailored made binders as rapid hardening,

polymer modified etc.

5. Fresh and Hardened Concrete
• chemical admixtures
• rheology and workability of fresh concrete
• shrinkage, creep and thermal crack
• recycled concrete

6. Concrete Durability
• alkali-aggregate reaction
• sulfate attack
• resistance to freeze and freeze/thaw attack
• carbonation and chloride penetration resistance
• resistance to marine exposure
• leaching of hydrated products
• methods to assess durability, service life modeling

and evaluation
• quality of concrete on site

7. Testing Methods – Standardization and New Approach

TECHNICAL VISITS

Organizers plan visits of the appropriate technological research centres and suitable concrete plants 
and cement factories in the Czech Republic.

CALL FOR PAPERS

Interested authors will be invited to submit an abstract related to the themes listed in this brochure. 
Abstracts for proposed papers for presentation must meet conditions published on website  
www.iccc2019.org and can be sent only via this website.

LANGUAGE

The official language of the Congress is English. This includes all sessions and presentations.

EXHIBITION

The scientist exhibition will be held during the Congress and feature universities, companies  
and research centres presenting a variety of innovative new technologies and projects for the 
cement chemistry branch.

VENUE

The 15th International Congress on the Chemistry of Cement Prague 2019 will be held at the Prague 
Congress Centre. The Congress Centre is located 5 minutes by metro from Prague centre with famous 
view to the historical Old Town and Prague Castle which has one of the highest concentrations  
of UNESCO World Heritage Sites in Europe.

Prague Congress Centre
5. května 1640/65, 140 00 Prague 4 – Nusle, Czech Republic, www.kcp.cz
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About EGU

EGU, the European Geosciences Union, is Europe’s premier geosciences union, dedicated 
to the pursuit of excellence in the Earth, planetary, and space sciences for the benefit of 
humanity, worldwide. It was established in September 2002 as a merger of the European 
Geophysical Society (EGS) and the European Union of Geosciences (EUG), and has 
headquarters in Munich, Germany.

It is a non-profit international union of scientists with about 15,000 members from all 
over the world. Membership is open to individuals who are professionally engaged in or 
associated with geosciences and planetary and space sciences and related studies, including 
students and retired seniors.

The EGU publishes a number of diverse scientific journals, which use an innovative open 
access format, and organises a number of topical meetings, and education and outreach 
activities. It also honours scientists with a number of awards and medals. The annual EGU 
General Assembly is the largest and most prominent European geosciences event, attracting 
over 14,000 scientists from all over the world in recent years. The meeting’s sessions cover 
a wide range of topics, including volcanology, planetary exploration, the Earth’s internal 
structure and atmosphere, climate, as well as energy and resources.

www.egu.eu
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objecTiveS of The SocieTY
Escm is a European, non-governmental, non-profit scientific and engineering organisation 
with the following objectives:

 Ì  To encourage the free interchange of information on all those aspects related to 
composite materials which of are interest to the scientific and engineering community.

 Ì  To provide a Europe-wide forum for the discussion of such topics, e.g. by organising the 
Eccm (European conference on composite materials) and more specialised symposia 
related to composites.

 Ì  To guide and foster the understanding and utilisation of the science and technology of 
composite materials.

 Ì  To promote European co-operation in the study of topics in composite materials science 
and technology.

 Ì  To promote liaison with engineering and scientific bodies throughout Europe with 
similar aims and to serve as a facilitator for communication between such bodies.

 Ì  To foster an environment for timely and cost-effective research, development and 
implementation of advanced technology in composites.

 Ì  To encourage the education of young specialists in the disciplines supporting 
composite materials science and technology.

 Ì  To recognise individuals of outstanding achievement in the science, technology, 
engineering, and application of composite materials.

www.escm.eu.org

The SocieTY
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 SiliconeS & You

Silicones have literally thousands of applications that collectively bring safety, comfort 
and enjoyment to life. They improve the performance and reliability of millions of modern 
products.

 The Science

Silicones chemistry is one of the most versatile chemistries on the planet, rendering it full 
of possibilities and producing a wide range of formulations and uses from aesthetic to 
technical.

  Who iS ceS?

We are a non-profit organisation representing all major producers of silicones in Europe. We 
provide information on silicones from a health, safety and environmental perspective.

www.silicones.eu
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