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ABSTRACT 
 

All as obtained glasses in the system 24.5 Na2O-24.5 CaO-6 P2O5- xV2O5 (45-x) SiO2 (x ranges 
from 0-15 mole %) are transparent and have an amorphous network structure. Glasses containing 
up to 6 mol% V2O5 still transparent upon heat treatment at 660°C for 4 hours. On the other hand, 
heat sintered glasses containing higher V2O5 concentration are transformed to opaque white glass 
ceramic characterized by their highly crystalline network structure. Crystalline apatite (calcium 
phosphate, Ca3(PO4)2), wollastonite (calcium silicate, CaSiO3), and sodium vanadate (Na2VO3) are 
the main well-formed crystalline species played the major role in material bioactivity. The 
advantage of V2O5 containing glasses is that it can easily be crystallized, since the high crystallinity 
is obtained by lowering sintering temperature when compared with that of glasses free from V2O5. 
Crystalline clusters containing vanadate species and both apatite and wollastonite phases are 
evidenced to be present. A hydroxyapatite (HA) formation is confirmed by the in vitro test of 
bioactivity. Processes of degradation and ion exchange between sample and phosphate solution 
and HA precipitation are evaluated. It is found that V2O5 can speed up the rate of reaction between 
the tested sample and phosphate solution. Glass ceramics containing V2O5 is highly active than 
that of vanadium free silicate glasses.  
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1. INTRODUCTION 
 
Bioglass ceramic (BGC) is considered as a most 
useful one among several types of biocompatible 
materials [1]. BGC is characterized by its high 
interfacial reaction rates between the host tissue 
and the implanted material in the body [2]. BGC 
has a great interest in medical and materials 
engineering applications [3]. There are some 
important requirements for materials to be used 
as biomaterial. These include suitable 
mechanical properties, low fabrication cost, 
increasing rate of reaction with body tissues and 
reducing the temperature of synthesis and 
crystallization [4]. Most types of these materials 
are based on amorphous silicate with a 
composition based on silicon dioxide 45S5® that 
was developed by Hench et al. in 1969 and has 
been demonstrated to be bioactive and 
osteoconductive [5,6].   
 
In the production of bio-glass or glass ceramics, 
nucleating agents (NAs) such as TiO2, Cr2O3  
and V2O5 can be used in order to induce bulk 
crystallization of the apatite phases [7,8]. 
Furthermore, the introduction of nucleating 
agents to the main glass can decrease the 
crystallization temperature and time [9]. The 
effects of NAs have appeared in improving both 
nucleation and growth rates of apatite by 
decreasing the surface energy between crystal 
and glassy phases [6]. Sintering of glasses is 
usually performed (between 500-800°C) to 
induce positive transformation processes in the 
glass matrix [10]. The sintering method gives 
clear guidelines to control the crystallization 
kinetics of the major phase (Na2CaSi2O6) [11]. 
 
The bioactivity was reported to be enhanced by 
increasing surface areas and pore volume of 
bioglass (BG) [12]. Increasing of the latter may 
greatly accelerate the deposition process of 
hydroxyapatite. Moreover, it is revealed that 
increasing surface area of biomaterial could 
stimulate the reaction between material and 
living tissues or cells. i.e. the biomaterial is 
professionally prepared in nanopowders to form 
and enhance its surface area [13].  
 
Previous studies have revealed that the 
vanadium-containing borate glasses are 
characterized by their high degradation rates 
[14]. The high in vitro HA forming ability of 
materials containing V+5 therapeutic ions makes 
the materials as  promising candidates for bone 

tissue applications [15]. To our knowledge, these 
characteristics didn't evaluate in vanadium 
containing silicate glasses. Therefore, this work 
is devoted to shedding some light on the effect of 
V2O5 on bioactivity behaviors of modified silicate 
glasses in terms of compositions. In this context, 
this paper reports a systematic study on the 
thermal evaluation of crystalline phases and 
microstructure of vanadium silicate bioglasses. 
For this aim, results of different characterization 
techniques are presented to determine the state 
of material activity upon V2O5 addition, since 
there is no previous studies concerning the effect 
of V2O5 on the bioactivity of modified silicate 
glass ceramics have been reported.  
 
2. EXPERIMENTAL PROCEDURES  
 
2.1 Preparation of Bioactive Glasses  
 
Glass samples were prepared by using 
chemically pure SiO2, CaCO3, Na2CO3, and 
V2O5.Using nominal composition 24.5Na2O, 
24.5CaO, 6 P2O5- xV2O5and(45-xSiO2) mol% 
(where x =0, 3, 6, 9, 12&15 mole %), the glasses 
were prepared and investigated. The batches 
were accurately weighed out and then melted in 
alumina crucibles using an electric furnace at 
temperature 1250°C for 2 h and the melts were 
shacked well several times to achieve 
homogeneity. Each melt was stirred by rotating 
the crucible several times every 30 mins. The 
homogeneous melts were cast after 2 h of 
melting into preheated stainless steel molds. 
 
2.2 Preparation of Phosphate Solution 
 
The phosphate solution used in the reaction was 
prepared by dissolving K2HPO4 (Reagent grade; 
Fisher Scientific, St. Louis MO) in deionized 
water (pH = 5.5±0.1) to obtain a solution with a 
0.02 M concentration of K2HPO4 and with a pH 
value of 7.0±0.1. 
 
2.3 FTIR Measurements  
 
Fourier transform infrared absorption spectra of 
the studied HAp samples were measured at 
room temperature in the wavelength range 4000-
400 cm-1 using a computerized recording FTIR 
spectrometer (Mattson5000, USA). Finely 
powdered samples were mixed with KBr in the 
ratio 1:100 for quantitative analysis and the 
weighed mixtures were subjected to a load of 
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5t/cm2 in a sample cell i.e. to produce clear 
homogenous discs. Then, the IR absorption 
spectra were immediately measured after 
preparing the discs to avoid moisture attack.  
 

2.4 X-ray Diffraction Analysis  
 
The structure of glass samples was assessed 
using an X-ray powder diffract meter (a Philips 
PW1390 X-ray diffract meter) with Cu Kα target 
(Ni filter), wavelength (λ) = 1.54 Å. C/S was 
used. The Bragg's angle (2θ) in the range of 4–
70°, step size = 0.02 and step time 0.4s at             
room temperature. Crystallographic identification 
of the phases of synthesized apatites was 
accomplished by comparing the experimental 
XRD patterns to standards complied by the Joint 
Committee on Powder Diffraction Standards 
(JCPDS). 
 

2.5 Differential Scanning Calorimetry 
 
DSC/TG analysis was carried out using a 
NETZSCH STA 409C/CD instrument. Known 
mass (≈30 mg) of crushed samples was placed 
into an aluminum pan then sealed with a crimped 
lid and heated from 25°C to 1000°C at a rate of 
5°C/min with argon as carrier gas at a flow rate 
of 30 cm3/min. 
 

2.6 Transmission Electron Microscope 
(TEM)  

 
Transmission electron microscopy (TEM) and 
electron diffraction pattern (EDP) were performed 
on a JEOL-JEM-2100, Japan model with an 
electron acceleration voltage of 160 kV to 
examine the internal microstructure of the 
bioactive glass samples.  
 

2.7 Scanning Electron Microscope (SEM)  
 
Surface modifications and microstructure of the 
samples were examined using a scanning 
electron microscope (SEM). The scanning 
micrographs were obtained using a Model JEOL-
JSM-6510 LV attached with EDAX unit, operated 
at accelerating voltage 25 KV, with a 
magnification up to 300.000X. For the SEM 
study, the pieces were gold plated. 
 

3. RESULTS AND DISCUSSION 
 
3.1 As Prepared Glasses 
 
NMR and FTIR results suggested a relationship 
between the concentration of non-bridging 
oxygens (NBO) which are formed in silicate 

network and the development of clustering 
process in highly modified glasses (silicate 
glasses rich with modifier). These results provide 
evidence for a presence of a specific type of 
bridging oxygen BO which has the good ability to 
bridge two sodium atoms to form sodium clusters 
[8,16]. The concentration of this type is found to 
increase with increasing the total concentration 
of NBO atoms in the silicate glass network. Then 
glasses rich with a modifier and consequently 
rich with NBO would contain a specific type of 
structural species which are required for building 
up some type of crystalline phases. Formation of 
the aggregated species was reported to play an 
important role in enhancing the bioactivity of the 
materials [17]. 
 
FTIR spectroscopy is applied to probe the 
structure of Na2O-CaO- SiO2-V2O5 glasses in 
terms of formation crystalline apatite (calcium 
phosphate), wollastonite (calcium silicate, 
CaSiO3) and Na2VO3 species. The well-formed 
species are considered as the most effective 
type required playing the major role in material 
bioactivity [18].  
 
Fig. 1 represents FTIR spectra of all as obtained 
glasses as a function of V2O5 content. The most 
important criteria noted in the FTIR spectra is the 
presence of well-defined absorption peak 
appeared around 1600 cm-1 in all spectra of 
investigated glasses. The area of this band is 
found to increase with increasing V2O5 content. 
In contrary, the band area and intensity of              
FTIR absorbance band centered at about 540 
cm-1 are clearly decreased upon increasing V2O5 
contents. Decreasing of the relative area of 
peaks centered around 540 cm-1 and increasing 
of resolved peak around 1600 cm-1 lead to 
suggest that the concentration of modifier ions is 
reduced in silicate network and its content is 
increased in vanadate network structure [19]. 
These observed bands are assigned to 
asymmetric vibration of Na-O or Ca-O in calcium 
(sodium) phosphate, calcium and sodium silicate 
phases. Both formed apatite (CaPO4) and 
wollastonite (CaSiO3) and sodium or calcium 
vanadate phases are the most required species 
for promoting the compatibility and bioactivity of 
the studied material [20].   
 
It is evidenced from x-ray diffraction (XRD) and 
TEM &EDP, Figs. 2 & 3, of the as-prepared 
glasses that the well-formed structural species 
are constructed in its amorphous state which has 
drawback effect on bioactive properties of the 
glasses [8,21]. Therefore, controlled heat 
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treatment process is important method to control 
the formation of crystallized or sub crystallized 
species [22]. The latter is desired to be obtained 
for both their bioactive and dental applications 
since the bioglass ceramics are preferred to 
contain some crystalline or polycrystalline 
phases. The type, size and morphology of the 
crystalline phases are dependent on the glass 
composition.  
 

 
 

Fig. 1. FTIR spectra of as prepared glasses as 
a function of V 2O5 concentration which 

changed from 0 to 15 mol% 
 

In addition, the stoichiometry of the crystal 
phases and crystallization heat treatment time 
and temperatures are found to have some 
effects. Therefore, to produce biocompatible 

vanadium silicate glass-ceramic, microstructures 
consisting of fine-grained phase crystals has to 
still much desire. A more controlled crystallization 
of the glass may, therefore, be a useful way to 
control the crystal size, volume fraction and 
morphology of these materials, which can 
influence not only bioactive properties but also 
the mechanical properties. For these purposes, 
the sintered process (treating the glasses at the 
temperature higher than Tg) should be applied to 
transform the glass to glass ceramic which 
contains crystalline bio clustered phases. 
 

 
 

Fig. 2. XRD patterns of selected as prepared 
glass samples containing  

(0, 3, 6, 9, 12 & 15 mol%)V 2O5 

 

 
 

Fig. 3. TEM & EDP for a sample containing 15 mol% V 2O5 
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3.2 Heat Treated Glasses 
 
Treating as prepared glasses thermally can limit 
the most effective drawbacks related to poor 
crystallinity of both apatite and wollastonite 
phases of the biomaterials [23]. The heat 
treatment process can vary the properties of the 
originally amorphous matrix of the glass by 
converting it to glass ceramic which 
characterizes by its higher crystallinity, bioactivity 
and mechanical strength.  
 
Fig. 4 shows the differential scanning calorimetry 
(DSC) curve of the studied –bioglass ceramics 
containing 15 mol% V2O5. It is noticed that there 
are exothermic peaks, with the top or maximum 
at about 450°C and 660°C, indicating that the 
amorphous structures can be highly crystallized 
by treating them around the crystallization 
temperature. Therefore, 660°C is applied as the 
proper chosen controlled crystallization 
temperature since the glass is transformed to 
glass ceramic by the effect of this temperature to 
4 hours.  
 

 
 

Fig. 4. Differential scanning calorimetriy 
(DSC) curve of bioglass ceramics containing 

15 mol% V 2O5 
 
XRD pattern of the initial glass confirmed its 
amorphous nature, see Fig. 2. On the other 
hand, enhancement of crystallinity is achieved by 
treating the glass thermally at 660°C, Fig. 5. This 
indicates that the amorphous structure is the 
dominant phase characterized the as prepared 
glass. On the other hand, the XRD peaks 
become sharper and the amorphous hump 
nearly disappears after treating the glass at 
660°C as clarified in Fig. 5, resulting in 
crystallinity of 71%. Increasing degree of 

crystallinity to 71% with increasing temperature, 
may lead to conclude that the initial amorphous 
matrix is well crystallized by the effect of heat 
treatment. The angular location and intensity of 
nearly all the peaks closely match the standard 
JCPDF database (76-0186), which indicates that 
the major crystalline phases are wollastonite 
(CaSiO3) and sodium calcium silicate 
(Na2Ca2Si3O9), JCPDF database (22-1455) 
[8,24]. Besides, some extra XRD peaks can be 
observed in Fig. 5 which should be attributed to 
the crystalline apatite phases that is assigned to 
tricalcium phosphate Ca3(PO4)2 (JCPDS 86-
1585) produced in the material’s network [25]. In 
addition, angular location peaks closely match 
the standard JCPDF-520649 which indicates that 
the crystalline sodium or calcium vanadate 
phases (Ca10V6O25) are present [26]. Then both 
apatite (A) and wollastonite (W) crystalline 
phases could be formed by the effect of the heat 
treatment process. These phases are considered 
the essential phases required for bone 
construction in phosphate solution. 
 

 
 

Fig. 5. XRD patterns of glasses containing (0, 
9, 12 &15 mol% V 2O5) and treated thermally at 

660°C for 4 hours 
 
3.3 Structural Role of V 2O5 
 
Vanadium oxide gives the ceramics good 
advantages toward improved properties like 
extremely resistant to thermal shock, high 
mechanical strength, chemical stability bioactivity 
etc [27]. The advantage of the present glasses is 
that it can easily be crystallized by an effect of 
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V2O5 since the high crystallinity is obtained by 
lowering temperature when compared with 
glasses free from V2O5. The optimum crystallinity 
is achieved at 660°C for 4 hours as treating time 
instead 1000°C for 10 hours in glasses free from 
vanadium. This difference is considered due to 
the role of vanadium which can act as an 
effective agent for crystallization when the 
glasses are thermally treating. XRD sharper 
peaks (Fig. 5) that correspond to the presence of 
crystalline apatite - wollastonite, and vanadate 
crystalline species are consistent with V2O5. 
 
The glasses containing up to 6 mol% V2O5 are 
still transparent upon heat treatment temperature 
of 450°C or even sintering at temperature, 
660°C. On the other hand, glasses containing 
higher V2O5 concentration are transformed to 
opaque glass-ceramic under the effect of thermal 
treat treatment. The color is changed from 
transparent brown to opaque white color. This 
transformation is considered as a result of 
changing the nature of the material structure. e.g. 
transformation of the amorphous glass to 
crystallized glass-ceramics is considered as the 
main reason for changing material color as well 
as its microstructure. 
 
SEM showed also some clear changes upon 
controlled heat treatment processes, see Fig. 6. 
As a consequence, the main formed crystalline 
phase appears as needle-like shaped as shown 
in SEM of the investigated material, Fig. 6b. 
Then, heat treatment temperature leads to a 
considerable change of microstructure, since 
SEM of an as-prepared sample (Fig. 6a) is 
shown to have differed from that of treated 
samples. EDX spectra (Fig. 7) of the heat treated 
glass showed that both crystalline vanadate and 
wollastonite species are present. The ratio of Ca 
to Si is found to around unity, which leads that 
the good wollastonite phase is found in its 
crystalline form. 
 
Figs. 1 & 8 showed FTIR patterns of both as-
prepared and heat-treated glasses at 660°C for 4 
h. The main envelop in the spectrum of heat 
treated glass splits into two or more peaks at 
920cm-1 and 1100 cm-1. The peak at 920 cm-1 is 
assigned to Si-O-Si stretching vibration and              
the peak at 1100 cm-1 corresponds to P-O 
asymmetric stretching vibrations [27,28]. 
Moreover, the peak centered at 480 cm-1 in the 
as-prepared glass is assigned to vibrations of Si-
O and P-O in the miscible phosphate and silicate 
network. Growing and intensification of the IR 
peak at about 450 cm-1, assigned to Si-O 
vibration in silicate phase, in the heat treated 

sample was attributed to phase separation and 
crystallization [28]. The peak at 620 cm-1 
corresponds to P-O or V-O vibration in crystalline 
apatite. Moreover, the broadband around 1400 
and 1600 cm-1 in as- prepared glass appears to 
be more intensive in the heat treated glass. It is 
assigned to vibrations of OH, and Ca-O in both 
calcium silicate and calcium phosphate groups 
present in dicalcium phosphate (DCP) phase 
[28,29]. Thus based on these data, it can confirm 
that heat treatment results in a phase separation 
and crystallization of both the silicate and 
phosphate phases. As a result, clusters 
containing vanadate species and both apatite 
and wollastonite crystalline phases are 
concluded to be present. Theses phases are 
important for carrying out the reaction between 
the material and the body fluids.  
 

 
A 
 

 
B 
 

Fig. 6. SEM for as obtained (A) and thermally 
treated (B) samples 

 
3.4 Bioactivity Assignment 
 
When the powdered sample is dipped in a 
phosphate solution, some chemical reaction may 
be carried out as a result of the formed active 
species. This reaction is known to depend on the 
type of the active phases found in the sample 
and on the time of dipping [29]. The chemical 
reactions result in the formation of CaPO4 and 
CaSiO3 layers precipitated on the surface of the 
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immersed   samples. The reaction of the sample 
and phosphate solution clearly leads to 
participation of hydroxyapatite layer which can be 
indicated by pH measured values [29]. Based on 
these measurements, it is very simple to 
conclude that leaching from samples plays an 
important role to form hydroxyapatite layer. 
Change of pH of the phosphate solution after 
immersion as a function of time is considered as 
a guide of reaction to occur.  In this case, a small 
variation in pH from 7.31 to 7.45 in 16 days is 
carried out. These changes are considered as a 
result of the presence of species such as H+, 
H3O

+ and OH- from the solution which attacks the 
glass network and is exchanged with Na+ and 
Ca2+ ions from the glass network [29]. Leaching 
of these ions from glass to solution leads to the 
increase of pH. In the later stage of the pH 
measurement, the pH value decreases to 6.65 
due to the formation of Hydroxyapatite layer.  

 

 
 

Fig. 7. EDX spectra for sintered glass at 
660°C for time of 4 hours 

 

 
 

Fig. 8. FTIR of thermally treated glasses at 
640°C for time interval of 4 hours 

4. CONCLUSION 
 
Different glass samples containing a different 
concentration from V2O5 (0-15 mole %) has been 
prepared. All the as-obtained samples are 
transparent and possessed an amorphous 
network. The latter is transformed into opaque 
white colored crystalline structure (in glasses 
containing more than 6 mol% V2O5) by the effect 
of sintering at 660°C. In this situation, the glassy 
material is transformed to glass ceramic which             
is characterized with its higher controlled 
crystallinity. Networks of glasses with lower V2O5 
contents (<6 moles %) remained amorphous and 
transparent even upon thermal treatment. Apatite 
(A), wollastonite (W) and modified vanadate 
phases are the major formed separated 
crystalline phases under the sintering process.  
The structure and morphology of phases formed 
in sintered glasses are differed from that found in 
as prepared glasses. Needle-like structure is the 
dominant feature of the well-formed species 
formed in thermally treated glass ceramics. 
Bioactive properties are found to depend on the 
type and concentration of the apatite and 
wollastonite formed phases. The presence of 
vanadium in the network of the glass played the 
role of agent for crystallization which in turn can 
speed up the reaction of the material when 
immersed in body fluids.    
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Francesco Baino. How can bioactive 

glasses be useful in ocular surgery? 
Journal of Biomedical Materials Research 
Part A. 2015;103(3):1259-1275. 

2. Zhongkui Hong, Rui L Reis, Joao F Mano. 
Preparation and in vitro characterization of 
novel bioactive glass ceramic nano-
particles. Journal of Biomedical Materials 
Research Part A. 2009;88(2):304-313. 

3. Rangasamy Jayakumar, Krishna Prasad 
Chennazhi, Sowmya Srinivasan, 
Shantikumar V Nair, Tetsuya Furuike, 
Hiroshi Tamura. Chitin scaffolds in tissue 
engineering. International Journal of 
Molecular Sciences. 2011;12(3):1876-
1887. 

4. Hamidreza Pirayesh, John A Nychka. Sol–
gel synthesis of bioactive glass‐ceramic 



 
 
 
 

El-Damrawi et al.; BJAST, 16(3): 1-9, 2016; Article no.BJAST.26683 
 
 

 
8 
 

45S5 and its in vitro dissolution and 
mineralization behavior. Journal of the 
American Ceramic Society. 2013;96(5): 
1643-1650. 

5. Aldo R Boccaccini, Melek Erol, Wendelin J 
Stark, Dirk Mohn, Zhongkui Hong, João F 
Mano. Polymer/bioactive glass nano-
composites for biomedical applications: A 
review. Composites Science and 
Technology. 2010;70(13):1764-1776. 

6. Larry L Hench, Splinter RJ, Allen WC, 
Greenlee TK. Bonding mechanisms at the 
interface of ceramic prosthetic materials. 
Journal of Biomedical Materials Research. 
1971;5(6):117-141. 

7. Clupper DC, Hench LL. Crystallization 
kinetics of tape cast bioactive glass 45S5. 
Journal of Non-crystalline Solids. 
2003;318(1):43-48. 

8. Gomaa El-Damrawi, Hamdy Doweidar, 
Hany Kamal. Structure and crystallization 
behavior of silicate–based bioactive glass 
ceramics. Australian Journal of Basic and 
Applied Sciences. 2013;7(14):573-582. 

9. Xingzhong Guo, Hui Yang, Ming Cao. 
Nucleation and crystallization behavior of 
Li 2 O–Al 2 O 3–SiO 2 system glass–
ceramic containing little fluorine and no-
fluorine. Journal of Non-crystalline Solids. 
2005;351(24):2133-2137. 

10. Luisa Barbieri, Anna Corradi, Isabella 
Lancellotti. Thermal and chemical 
behaviour of different glasses containing 
steel fly ash and their transformation into 
glass-ceramics. Journal of the European 
Ceramic Society. 2002;22(11):1759-1765. 

11. Julian Jones, Alexis Clare. Bio-glasses: An 
introduction. John Wiley & Sons; 2012. 

12. Xiaoxia Yan, Chengzhong Yu, Xufeng 
Zhou, Jiawei Tang, Dongyuan Zhao. 
Highly ordered mesoporous bioactive 
glasses with superior in vitro bone‐forming 
bioactivities. Angewandte Chemie Inter-
national Edition. 2004;43(44):5980-5984. 

13. Larry L Hench, Julia M Polak. Third-
generation biomedical materials. Science. 
2002;295(5557):1014-1017. 

14. Aylin M Deliormanlı, Seda Vatansever H, 
Hayrunnisa Yesil, Feyzan Özdal-Kurt. In 
vivo evaluation of cerium, gallium and 
vanadium-doped borate-based bioactive 
glass scaffolds using rat subcutaneous 
implantation model. Ceramics 
International; 2016. 

15. Kurosh Rezwan, Chen QZ, Blaker JJ, Aldo 
Roberto Boccaccini. Biodegradable and 
bioactive porous polymer/inorganic 

composite scaffolds for bone tissue 
engineering. Biomaterials. 2006;27(18): 
3413-3431. 

16. Thibault Charpentier, Simona Ispas, 
Mickael Profeta, Francesco Mauri, Chris J 
Pickard. First-principles calculation of 17O, 
29Si, and 23Na NMR spectra of sodium 
silicate crystals and glasses. The Journal 
of Physical Chemistry B. 2004;108(13): 
4147-4161. 

17. Oliveira JM, Correia RN, Fernandes MH. 
Effects of Si speciation on the in vitro 
bioactivity of glasses. Biomaterials. 
2002;23(2):371-379. 

18. PN De Aza, Guitian F, De Aza S. 
Bioactivity of wollastonite ceramics: In vitro 
evaluation. Scripta Metallurgica et 
Materialia. 1994;31(8):1001-1005. 

19. Hari Prasad Rao PR, Belhekar AA, Hegde 
SG, Ramaswamy AV, Ratnasamy P. 
Studies on crystalline microporous 
vanadium silicates: II. FTIR, NMR, and 
ESR spectroscopy and catalytic oxidation 
of alkylaromatics over VS-2. Journal of 
Catalysis. 1993;141(2):595-603. 

20. Xuanyong Liu, Chuanxian Ding, Zhenyao 
Wang. Apatite formed on the surface of 
plasma-sprayed wollastonite coating 
immersed in simulated body fluid. 
Biomaterials. 2001;22(14):2007-2012. 

21. El-Damrawi G, Kamal H, Doweidar H, 
Dawood AE. Microstructure and in vitro 
bioactivity of metal substituted 
hydroxyapatite. British Journal of Applied 
Science & Technology. 2016;15(2):1. 

22. Shifeng Zhou, Binbin Zheng, Yasuhiko 
Shimotsuma, Yunhao Lu, Qiangbing Guo, 
Masayuki Nishi, Masahiro Shimizu, 
Kiyotaka Miura, Kazuyuki Hirao, Jianrong 
Qiu. Heterogeneous-surface-mediated 
crystallization control. NPG Asia Materials. 
2016;8(3):e245. 

23. Silmara Caldas Santos, Ledjane Silva 
Barreto, Euler Araujo dos Santos. 
Nanocrystalline apatite formation on 
bioactive glass in a sol–gel synthesis. 
Journal of Non-crystalline Solids. 
2016;439:30-37. 

24. Rehana Zia, Madeeha Riaz, Farhat 
Saleemi, Zora Kayani, Safia Anjum, 
Farooq Bashir, Tousif Hussain. Bioactivity 
analysis of the Ta (V) doped SiO 2–CaO–
Na 2 O–P 2 O 5 ceramics prepared by 
solid state sintering method. Progress in 
Natural Science: Materials International. 
2016;26(1):41-48. 



 
 
 
 

El-Damrawi et al.; BJAST, 16(3): 1-9, 2016; Article no.BJAST.26683 
 
 

 
9 
 

25. Hung I, Wei-Jen Shih, Min-Hsiung Hon, 
Moo-Chin Wang. The properties of 
sintered calcium phosphate with [Ca]/[P]= 
1.50. International Journal of Molecular 
Sciences. 2012;13(10):13569-13586. 

26. Pei LZ, Pei YQ, Xie YK, Yuan CZ, Li DK, 
Qian-Feng Zhang. Growth of calcium 
vanadate nanorods. CrystEngComm. 
2012;14(13):4262-4265. 

27. Ramakrishnan Ramaseshan, Subramanian 
Sundarrajan, Rajan Jose, Ramakrishna S. 

Nanostructured ceramics by electro-
spinning. Journal of Applied Physics. 
2007;102(11):111101. 

28. El-Damrawi G, Doweidar H, Kamal H. 
Characterization of new categories of 
bioactive based tellurite and silicate 
glasses. Silicon. 2014;1-7. 

29. Kamal H, Abdelghany AM. Effect of 
transition metal addition in the bioactivity of 
borate bioglass dental materials. The 
Journal of Dentist. 2015;3:11-21. 

_________________________________________________________________________________ 
© 2016 El-Damrawi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. 
  
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/14814 


