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Abstract:  
       Novel material has been synthesized from the hydroxyapatite (HAp) nanopowder by chemical precipitation 

method in mesopores of activated carbon AC, forming HAp-C. Recently novel compositions in this system HAp-

C were described and characterized with regard to DTA,SEM, SBET, S
α

t, S
α

n VP, Vu, Vot, and Vos,. These studies 

showed that these novel HAp-C compounds are suitable for bone fabrication. Thus heat treatment of the mixed 

HAp-C can be applied to increase the crystallinity without creating stresses between the coating and the 

underlying HAp-C. The degradation and durability of carbon is reviewed in the presence of nanoparticles/ 

nanocomposites under different environmental conditions. For all products, poorly crystalline apatite phases 

were obtained after drying, exhibiting a mesoporous structure with specific surface area up to 150m
2
g−1. These 

materials could be converted into a pure crystalline of hydroxyapatite-carbon at 800
0
C. The use of surface 

science and engineering are relatively new fields of research in which surface characterization has been widely 

used to design material properties with specific purposes, including biomedical applications. 

Key Words: synthetic hydroxyapatite(HAp), HAp-C, Nanotechnology, DTA, SEM, SBET, S
α

t, ,S
α

n,  

VP, Vmeso, Vou, Vot, , Vos, and activated carbon AC. 

 

I. Introduction 
Calcium hydroxyapatite (HAp), Ca10(PO4)6(OH)2, is the main inorganic compound of hard tissue. 

About 60–70% of the bone corresponds of this mineral phase [1] and about of 20% corresponds to the organic 

phase. In the bone the fibers of collagen are the main organic phase and serve as a matrix  for the precipitation 

of HAp, determining the structure of the inorganic crystals. Hydroxyapatite is a bioactive material [2,3] and is 

widely used in reconstructive orthopedic and dental surgery to promote adhesion between the prosthesis and the 

bone [4]. Unfortunately they cannot be used for heavy load-bearing applications due to its low mechanical 

properties [5–11]. The synthesis of HAp and ceramics systems with titanium (CaP-Ti) and zirconium (CaP-Zr) 

was developed because zirconia (ZrO2) and titanium oxide (TiO2) are strengthen agents thoroughly used, due to 

his superb force and fracture toughness [12]. Titanium alloys have already been used with some success in 

several bioimplant applications. However, they can suffer certain disadvantages, such as poor osteoinductive 

properties and low corrosive-wear resistance. Attempts to overcome the first of these drawbacks have involved 

coating the metal with hydroxyapatite (HAp). Since TiO2 coatings are also known to be effective as chemical 

barriers against the in vivo release of metal ions from the implants, a double layer of HAp-TiO2 coating on 

titanium alloys with HAp as the top layer and a dense TiO2 film as the inner layer should possess a very good 

combination of bioactivity, chemical stability and mechanical integrity [13]. A combination of the properties of 

zirconium (high strength) and the bioactivity of HAp should yield a bioactive implant material [14]. Several 

processes are used to produce HAp of wide application as a temporary substitute for the human bone [15–20]. 

The dry milling process presents the advantages that melting is not necessary and the powders are 

nanocrystalline. Nowadays the dry milling technique is used in a large range of commercial products; moreover, 

most of these applications are on metallic domain [14,16]. In this work we prepare HAp through new departure 

materials with a high efficiency of the process.Bone injuries and failures often require the inception of implant 

biomaterials. Research in this area is receiving increasing attention worldwide. A variety of artificial bone 

materials, such as metals, polymeric materials, composites and ceramics, are being explored to replace diseased 

bones [21–23]. In particular,  metallic implant materials, e.g. SUS316L stainless steel, Co–Cr–Mo-type alloys 

and titanium (Ti) and Ti alloys (e.g. Ti–6Al–4V) are widely used as orthopedic and dental implant materials. 

Among these, Ti and some of its alloys are preferred load-bearing implant materials due to their relatively 

lowmodulus, excellent strength-to-weight ratio, good fracture toughness, and superior biocompatibility and 

corrosion resistance [24]. It has been demonstrated that Ti and some of its alloys are well accepted by human 

tissue compared to other metal materials [25]. Moreover, biological behaviour research has demonstrated that Ti 

and zirconium (Zr) are favourable non-toxic metals with good biocompatibility [26]. It has been reported that Zr 

is a metal with strong glass-forming ability and bulk amorphous Zr based alloys exhibit high mechanical 
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strength, high fracture toughness and good corrosion resistance [27]. TiZr alloy scaffolds have demonstrated 

desirable biomechanical properties since their elastic moduli can be tailored to be very close to those of 

cancellous bones [28]. These kinds of commensurate elastic moduli can be expected to eliminate the stress-

shielding effect, which may lead to the failure of the implant material. It is thus possible that TiZr alloy and its 

scaffolds have a high biomedical potential due to the unique combination of biocompatibility and biomechanical 

properties.There is a general rule that an essential requirement for an artificial implant material to bond to a 

living bone is the formation of an HA layer on its surface in the living body. HA has many biological benefits 

such as direct bonding to bone and enhancement of new bone formation around it due to its chemical similarity 

with hard tissues [29–33]. Many methods, including plasma-spraying,pulsed laser deposition and electrophoretic 

deposition, have been studied to produce HA coatings over the last 15 years [34–42]Among these techniques, 

only plasma praying has achieved commercial success [42]The coated layer by this method can be easily 

separated from the surfaces or resorbed into the body environment because of the unstable characteristics 

through its rapid solidification, inhomogeneous composition, melted and decomposed phases, etc. Furthermore, 

methods such as plasma sprayingand electrophoresis may produce highly crystalline coatings,which are difficult 

to resorb in the body [43]because an amorphous coating may be more beneficial for early bone ingrowth than a 

coating with high crystallinity [44]. Lastly, the plasma-spraying process requires an extremely high temperature, 

which may be as high as 12,000 _C, and therefore expensive equipment requirements. 

 

2. Experimental. 
2.1. Preparation of nano crystallite hydroxyapatite (HAp). 

The synthetic hydroxyapatite (HAp) nanopowders were synthesized by chemical precipitation method. 

The procedure employed for the synthesis of HAp is as follows and all reagents were analytical grade, First, 

0.5M Ca(NO3)2 solutions and 0.3M(NH4)2HPO4 solutions were obtained by dissolving Ca(NO3)2·4H2O and 

(NH4)2HPO4 in distilled water, respectively, and the pH of both solutions was adjusted to 11.0 by adding 

ammonia solution. The reactant molar ratio of Ca/P was kept at 1.667. The solution of (NH4)2HPO4 was drop 

wisely added into the Ca(NO3)2 solution, and the white suspension was obtained. During the addition, the pH of 

the suspension was maintained at 11.0 using ammonia solution. After the complete addition, the suspension was 

further stirred for 24 h. Then the obtained suspension was filtrated and washed with distilled water and 

anhydrous ethanol for three times. The resultant powders were dried at 100 
0
C for 24 h, then it was weighed and 

stored in tight glass container.        

 

2.2. Preparation of ACs. 

Activated carbon, AC, was obtained from air-dried and crushed the date frond, DF. The raw material 

was inserted into a stainless steel tube fitted with an internal wire diaphragm and held in a vertical position to 

dispose of the formed tarry matter. Carbon was prepared by impregnating of the precursor with H3PO4 (50 

vol.%) followed by thermal treatment at 500 
o
C for two hours. The cooled activated mass was subjected to 

through washing with distilled water, so as get rid of extra acid and to attain pH values  ≤ 6.5  in the washing 

solution, and finally dried at 110 
o
C.  

 

2.3.Characterization of HAp-C. 

This was achieved by the standard adsorption of N2 at 77k, using a sorpatometer of the type NOVA 

1000e (Quantachrome). In spite of limitations of the BET method, in case of activated carbon, it has been and 

will continue to be used for microporous adsorbents owing to its simplicity and reasonable [7]. Accordingly, the 

adsorption isotherms were analyzed to get various porous parameters: By applying the BET-equation to 

determine the SBET surface area, total pore volume (VP), from amount of nitrogen held at P/P
0
 =0.95, and 

average pore dimension (radius) from R=2VP/ SBET was evaluated. Other porous characteristics were estimated 

from the t-plots constructed by plotting volume of gas adsorbed (Va) versus t-values of adsorption on non-

porous standard carbon as reported by Selles-Perez and Martin-Martinez [18]. The obtained αs-values were 

transformed into t-values by multiplication with 1.52 x 3.54 (Ǻ) as suggested by the same authors. The 

following porosity characteristics were calculated as follows: total surface area (St) from slope of early straight 

line to zero, non-microporous surface area (Sn) from slope of the late straight portion,  in the fig(1): Shown that 

the ultra micropore volume (V0u) from early intercept of the base straight portion, and  super micropore volume 

(Vos) from the late intercept of the base straight portion with V-axis. 

 

2.4. Techniques 

Infrared spectra were recorded from 400cm−1 to 4000cm−1 on a Brüker IFS 66v Fourier transform 

spectrometer using KBr pellets. The local chemical structure around phosphorus atoms was examined by solid-

state 31P-nuclear magnetic resonance under magic angle spinning conditions (MAS-NMR) spectroscopy on a 

Bruker MSL 300 spectrometer equipped with an Andrew type rotor rotating. The N2 adsorption–desorption 
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isotherms for dried powders were fixed in Fig. 2. Variation of pH of the solution as a function of time for NP in 

diluted nitric acid (6 g of NP in 100 ml of diluted HNO3). Fig. 3. Percentages of dissolved P and Ca, as well as 

Ca/P ratio, after NP dissolution at various pH. obtained by multi-point N2 gas sorption experiments at 77K using 

a Micromeritics ASAP 2010 instrument. The specific surface areas were calculated according to the Brunauer–

Emmett–Teller (BET) method using adsorption data in the relative pressure range from 0.05 to 0.25 whereas the 

pore size and volume were estimated using the Barret–Joyner–Halenda (BJH) approximation. Differential 

thermal analyses were carried out simultaneously in airflow using a TA Instruments Netzsch STA-409EP 

apparatus. The thermal measurements were conducted from 30 ◦C to 1200 ◦C with 10 ◦C/min as heating rate. 

The sample powder was chemically analyzed by inductively coupled plasma (ICP)emission spectroscopy 

(ICPS-7500, Shimadzu, Japan). 

 

3.Results and discussion. 
The carbon–nanoparticles/nanocomposites have been the exponentially growing field of research for 

developing the materials in last few decades and have been mainly focusing on the structure–property 

relationships and their development. Since the carbon–nanocomposites have been the staple of modern carbon 

industry, their durability under various environmental conditions and degradability after their service life are 

also essential fields of research. In very few systems, the nanoparticulates have been incorporated into carbons 

‘nano-additives’ for both purposes: degradation and stabilization of carbons. This simple, eco-friendly and 

cheap procedure may be useful for the future development of nanomaterials for The field of nanoscience and 

nanotechnology is extending the applications of physics, chemistry, biology, engineering and technology into 

previously unapproached infinitesimal length scales. This simple, eco-friendly and cheap procedure may be 

useful for the future development of materials in bone fabrication. This work demonstrates that it is possible to 

obtain nanoporous apatite phases using natural phosphate as calcium and phosphate sources. Noticeably, the 

highest surface area is obtained when the synthesis is performed at room temperature and without organic 

additive. This method shows a number of advantages: (a) compared to double precipitation or neutralization 

methods, it does not involve an extensive use of chemicals but can be performed from an abundant raw material, 

representing an important gain in terms of cost; (b) the dissolution–precipitation method can be performed 

without heating and without organic solvent, so that not only this process is eco-friendly but also the final 

materials are free of organic impurities, an important issue for their application for water treatment in natural 

environment. Indeed, apatite phases are now considered as promising sorbents for the removal of both organic 

and inorganic pollutants [6–9,27–29] and the here described modified natural phosphates are currently evaluated 

for their remediation properties. Cell and tissue response to implant materials is one of the most important 

themes in the field of biomaterials [1–33]. Implanted bioactive calcium phosphate carbons are known to bond 

directly to bone [1–9,17– 20,22,23,34,35]. However, differences in these materials are reflected in the rate of bone 

formation on their surfaces [1–3, 17, 35, 36, and 37]. Ideally, bioactive carbons for use in bone regeneration should 

posses the ability to stimulate bone formation [17, 34, 35, and 36].  

 

Characteristics 

The charactics was achieved of surface area achieved by SBET,S
α

t,S
α

nVP,Vmeso, Vou,Vot,  and Vos, 

Figs(1-10),Tables(1-3)and show a high thermal stability ,Figs(15-18).It also show surface structre FigsIR(11-

15),and SEM ,Figs(11-23) 

3.3. Fourier Transform Infrared Spectroscopy (FTIR) analysis 

The FTIR spectra can provide valuable information about the chemical compositions of the materials. 

Figure 2 shows the comparison FTIR spectra of raw date frond (Raw-DF), AC of date frond at 60% 

concentration of H3PO4 (AC-60%) and commercial activated carbon (AC-C) for comparison. Raw date frond 

(DF) in Figure 2 shows the most complicated and apparent spectrum. A strong and broad adsorption peak 

appeared at 3434.06 cm-1, which corresponds to the stretching of O – H functional group and this shows the 

presence of bonded hydroxide in the raw sample. There was another peak observed at 2930.44 cm-1 

corresponding to the C – H sp3 stretching. A strong conjugated C=C peak also observed around 1633.83 –

1638.32 cm-1. This sample also shows four important absorption peaks at 1251.06, 1160.53, 1113.89 and 

1053.53 cm-1 respectively which represent the stretching of C – O functional group. It can be suggested from 27 

the spectrum that the main oxygen groups present in the raw-DF are carbonyl, ethers and alcohols group which 

are normally present in plant cellulose. In contrast to the FTIR spectrum shown by raw -DF, the spectrum AC-

60% and AC-C illustrate less absorption peaks clearly, most of the absorption peaks of functional groups were 

diminished. Basically all the samples show a weak broad peak around 3425.12 –3440.32 cm-1, which indicates 

the presence of OH in the samples. It is most probably of the R-OH bonded like molecule in carbon. Finally, the 

spectra for the prepared activated carbon from date’s frond chemical activated at 60% H3PO4 when comparable 

to the commercial AC, there seem a great similarity. This might indicate that the prepared AC is of similar in 
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grade and standard of that the commercial prepared carbon. The charactics was achieved of surface area 

achieved by SBET,S
α

t,S
α

nVP,Vmeso, Vou,Vot,  and Vos,Figs(11-15), 

 

3.4. Single point BET Surface Area of Activated Carbon 

  The single point BET surface area analysis was done to study the effect of different activation method on the 

surface area of carbon samples. All the data collected, including the raw-DF, AC-60% and AC-C presented in 

the form a chart in Figure,s (1-10). Raw DF gives only 4.6 m2g-1 of BET surface area and for AC-60% is 1139 

m2g-1. Comparatively, the synthesized samples exhibit slightly higher surface area than the commercial 

activated carbon which only 1069 m2g-1. This result proposed that the chemical activating agent used, H3PO4 

has contributed to the higher surface area as compared to the commercial activated carbon.  

 

3.5. SEM  micrographs  
     It provides information on the structural changes in the palm date frond for analysis during the activation 

process. Figs(19-23) shows raw palm date frond (R-PDF) before and after  activation.and the shows the 

micrograph of R-PDF at 500x magnification. The surface of R-PDF is curly form resulted from the presence of 

cellulose, hemicelluloses and lignin in the raw  material without any cracks. This would account for its poor or 

negligible BET surface area. The framework development was so rapid in resulting in extra cavities and leads to 

crack formation. Due to this well developed pores, the AC-50% possessed high BET surface area. Shows the 

micrograph of AC-50% at 5000x magnification. The micrograph magnifies the internal cavities, which are now 

clearly visible. Direct measurement from the micrograph shows that the average pore diameter is 5.23 μm. The 

surface of the AC- 50% seems to be clearer and smoother than R-PDF surface due to the removal of volatile 

compounds and impurities during the activation process and followed by H3PO4 wash. It can be seen that there 

are solid appeared in the pores of AC- 50% where some small white particles are scattered on the surface of the 

carbon, maybe due to the remains of the H3PO4 which was not washed completely during the activation . 

 

3.1. Thermogravimetric analysis of date fronds 

    Figs(15-18).Show the percentage weight loss during TGA for palm dates frond. Two major weights lost that 

took place in this graph. The first range of decomposition happened at 40 to 132 °C, which represent 6.1% 

weight lost. This is most possibly due to the moisture released by the sample during heating. The largest weight 

loss occurred at temperature range of about 132 to 400 °C. This is due to decomposition of chemical .The high 

thermal stability. 

 

2.5. Statistical analysis 

    Three separate studies were performed. Assays were run in triplicate for each material and at each time point 

and the data were analyzed using Student’s t-test as described previously [43–45] and significance considered 

achieved at po(0:05). The surface area was determined according to langmuir, alpha-s ,and BET method was 

shown in Figs(1-10) and tables(1-3). 
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Fig (1):The adsorption isotherms of N2 at                Fig (2):The adsorption isotherms of N2  
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Fig.(3): The  α s-plots for the  synthetic                Fig.(4): The  α s-plots for ACs mixed with 

HAp mixed with different ratios (10-50%)             different ratios (10-50%) of the synthetic  

of ACs.                                                                     HAp. 
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Fig.(5): The  t-plots for synthetic HAp mixed           Fig.(6): The  t-plots for ACs mixed with  

with different ratios (10-50%) of ACs.                     different ratios (10-50%) of synthetic                                                                             

                                                                                  HAp. 
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Fig.(7):Langmuir plots for synthetic HAp                   Fig.(8): Langmuir Plots for ACs mixed  

 mixed with different ratios (10-50%) of ACs.             with different ratios (10-50%) of 
                                                synthetic HAp. 
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Fig.(9): BET- plots for synthetic HAp mixed           Fig.(10): BET- plots for ACs, mixed with 

 With different ratios (10-50%) of ACs.                   different ratios (10-50%) of synthetic HAp. 

 

Table 1.Surface characteristics of synthetic HAp mixed with different ratios (10-50%) of ACs. 
Type of  S HAp -

C 
SBET 
m²/g 

Sα
t 

m2/g 
Sα

n 
m2/g 

VP 
ml/g 

Vmeso 
ml/g 

V ou 
ml/g 

V ot 
ml/g 

Vos 
ml/g 

S HAp only 63.28 90.57 43.04 0.054 0.0435 --- 0.0105 0.0105 
10%C 127.67 166.08 72.09 0.099 0.0708 --- 0.0282 0.0282 
20%C 223.54 289.55 105.33 0.17 0.1077 --- 0.0623 0.0623 
30%C 319.05 437.84 157.00 0.24 0.1564 --- 0.0836 0.0836 
40%C 401.06 563.54 194.36 0.30 0.1882 --- 0.1118 0.1118 
50%C 466.76 655.32 216.95 0.34 0.205 --- 0.1350 0.1350 

 

Table 2. Surface characteristics of ACs, mixed with different ratios (10-50%) of synthetic HAp. 
Type of  C-SHAp SBET 

m²/g 
Sα

t 
m2/g 

Sα
n 

m2/g 
VP 

ml/g 
Vmeso 
ml/g 

V ou 
ml/g 

V ot 
ml/g 

Vos 
ml/g 

Carbon only 1104.65 1220.01 612.07 0.903 0.648 --- 0.255 0.255 
10%S HAp 827.67 1099.88 350.39 0.598 0.339 --- 0.259 0.259 
20%S HAp 741.69 989.23 332.14 0.550 0.323 --- 0.227 0.227 
30%S HAp 628.50 835.67 270.90 0.456 0.263 --- 0.193 0.193 
40%S HAp 587.43 780.21 255.23 0.423 0.245 --- 0.178 0.178 
50%S HAp 466.76 655.32 216.95 0.34 0.205 --- 0.1350 0.135 

 

 

 

 

Table 3. Surface characteristics of ACs, mixed with different ratios of the synthetic HAp. 
Type of 
S HAp 

Langmuir surface area 
SL (m²/g) 

Average pore radius 
ŕ (Ǻ) 

S HAp only 91.67 17.06 
10%C 179.06 15.51 
20%C 314.18 15.21 
30%C 451.58 15.04 
40%C 609.38 14.96 
50%C 709.19 14.56 

Carbon only 1688.42 16.35 
10% S HAp 1260.09 14.45 
20% S HAp 1129.40 14.83 
30% S HAp 950.53 14.51 
40% S HAp 889.78 14.40 
50% S HAp 709.19 14.56 
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 Fig.11. FTIR-Spectra of activated carbon obtained  from 

 date frond DF by chemical  activation.                                    Fig.12. FTIR-Spectra for the synthetic HAp 
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Fig.13. FTIR-Spectra for the synthetic Hap 

 mixed with 40% DF carbon.  

                                                                                       Fig.14. FTIR-Spectra for DF activated carbon 

                                                                         mixed with 50% synthetic HAp. 
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Fig (15): DTA- Spectra of activated carbon obtained 

 from date frond DF by chemical activation.                                     Fig (16): DTA-Spectra for the synthetic HAp. 

 

 

 

 

 
 

Fig (17): DTA-Spectra for DF activated carbon   

  mixed with 40% synthetic HAp 

                                                                                          Fig (18): DTA-Spectra for DF activated carbon 

                                                                                              mixed with 50% synthetic HAp. 
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Fig.19. SEM-plot for activated carbon                          Fig.20. SEM-plot for synthetic HAp.  

obtained from DF by chemical treatment. 

 

 

                      
 

Fig.21. SEM-plot for synthetic synthetic HAp              Fig.22. SEM-plot for DF carbon mixed 

mixed with 40% of DF carbon.                                     with 40% of synthetic HAp. 

 

 
Fig.23. SEM-plot for DF carbon mixed with 50% of synthetic HAp.  

 

II. Conclusion 
The nannoparticle apatite –carbon materials was prepared successfully can be used for medical applications. 
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