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N PRESENT study, Different bioactive glass samples are prepared 

based on the following general formula: [65%SiO2–(25-X) %CaO–

10% P2O5–X%ZnO)]; Ca2+ is gradually substituted with Zn2+ 

(percentages of X= 0, 2, 4, 6, 8 and 10 mol %) by a quick alkali-

mediated sol–gel method. Development of a calcium phosphate (CP) 

layer on their surfaces is studied by soaking them in a simulated body 

fluid (SBF) for different periods. The consequent formation of the CP 

layer is studied by means of appropriate techniques such as X-ray 

diffractometry (XRD), Fourier transform infrared (FTIR) spectroscopy 

and scanning electron microscopy (SEM) with an energy dispersive 

system (EDXS). The concentration of Ca2+, P5+ ions released from the 

samples into the SBF is measured by using UV-Vis Spectrophotometer 

and biochemical Kits. The results show that the formation of calcium 

phosphate layer on glass surfaces is inhibited by ZnO substitution, and 

strongly dependent on Zn2+ concentration. 

 
Since  the  discovery  of  the  first  bioglass  by  Hench  et  al. 

 (1)
. several  other  glass  

compositions  have  been  imposed  to  improve the  rehabilitation  process  in  surgical  

applications.  One  of  the important  trends  in  recent  studies  is  incorporation  of  

some  ions in  the  bioglass  composition  to  improve  its  biofunctionallity. Regarding  

the stimulatory  effects  of  some  cations  such  as Mg 
2+

 ,  Sr 
2+

 and  Zn 
2+

 on  bone  

formation  either  by  oral administration  or  local  delivering  process  
(2)

, the  effect  

of  incorporation  of  these  ions  on  the  physical  and  physicochemical  properties  

of  sol–gel  derived  glasses  has  been  reported. 

  

Zinc (Zn) is the second most prevalent trace element in the human body and 

is reported to stimulate fracture healing of bone 
(3)

, reduces postmenopausal bone 

loss 
(4)

, improves bone mineralization 
(5)

, and improves skeletal strength 
(6)

. 

Furthermore, Zn is an effective agent in killing bacterial strains commonly 

associated with infection in orthopedic surgeries 
(7)

. 

 

Despite the numerous works reporting the stimulating effects of zinc, there 

are also studies that show other effects of zinc ions on bone cells. Popp et al. 

studied the effect of Zn
2+

-supplemented osteogenic medium on osteoblastic 
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proliferation and differentiation. They used concentrations of 0.20, 0.65 and   

2.62 mg/l and found no significant effects of such zinc amounts on rat bone 

marrow stromal cells 
(8)

. The use of synthetic bone substitutes for delivery of zinc 

ions has recently gained attention in research communities. There are numerous 

studies regarding the development and evaluation of zinc-containing calcium 

phosphate ceramics both in vitro and in vivo 
(9-13)

. There are also reports 

concerning the use of different bioactive glass compositions as short- or long-

term zinc delivery vehicles 
(14-17)

. Bioactive glass, due to its osteostimulative and 

bone bonding properties, has been successfully used clinically in dental, 

craniomaxillofacial and spinal applications during the last few decades. Its bone-

bonding ability arises from the high rate of formation of hydroxyl-carbonate 

apatite (HCA) at the surface of the material after reaction with the surrounding 

biological fluids. The bone-like, low-crystalline HCA, together with the ionic 

products resulting from the degradation process of the material, are also 

correlated to the intrinsic and characteristic bioactive glass bone regeneration 

potential. They have been shown to be responsible for enhancing the proliferation 

and differentiation of osteoprogenitor cells (17)
. 

  
A variety of sol–gel-derived bioglass materials incorporating modifiers such 

as magnesium, cerium, boron, strontium and calcium have been reported with the 

aim of improving specific characteristics. The possibility of incorporating zinc 

into bioglasses has received special interest in recent years due to the potential 

benefits of such a glass 
(18) 

. However, the formation of zinc containing bioglasses 

and their properties and characteristics does not seem to have been well explored. 

Zinc as an essential trace element is known to have stimulatory effects on bone 

formation in vitro and in vivo 
(19-20) 

. The beneficial features of zinc have 

stimulated our current interest in zinc-containing bioglasses described herein. 
 
The present study investigates the effect of zinc substitution for calcium on 

bioactivity of sol–gel derived Zn-containing glasses. Prepare six different 

bioactive glass samples composed of 65SiO2–(25-x)-CaO–10P2O5–(x) ZnO)], Ca 

was gradually substituted with Zn (percentages of 0, 2, 4, 6, 8 and 10) by sol-gel 

method. Samples characterized by using different techniques (DSC), XRD, 

FTIR, (DSC) and (EDX). Study the resorbability and dissolution of prepared 

samples in physiological fluid which simulate the body fluid SBF and perform 

some spectrophotometer analysis using biochemical Kits. 
 

Materials and Methods 

Samples preparation  

Chemical composition of the bioactive glasses along with the code of each 

composition is presented in Table 1. The glass composition (65% SiO2, 25% 

CaO, 10% P2O5, mol%)  named Zn(0) was used as a control sample and CaO was 

gradually replaced with ZnO in its composition. glass of composition SiO2–

P2O5–CaO– ZnO was prepared using stoichiometric amount of precursors and the 

gels were obtained with a quick alkali-mediated sol–gel method as described 

previously 
(21)

.  Initially, tetraethoxysilane (Si (OC2H5)4), (TEOS; Sigma-Aldrich) 

was added to 0.1 M nitric acid and the mixture was allowed to react for 60 min 
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for the acid hydrolysis of TEOS. Then a series of reagents was added in the 

following sequence, allowing 45 min for each reagent to react completely: 

triethylphosphate (PO (OC2H5)3) (TEP; Sigma-Aldrich), calcium nitrate tetra 

hydrate Ca (NO3)2.4H2O (Sigma-Aldrich) and strontium nitrate Zn (NO3)2 

(Sigma-Aldrich). After the final addition, mixing was continued for 1 h to allow 

the completion of hydrolysis. The Zn -free bioglass SiO2–P2O5–CaO (65% SiO2, 

25% CaO, 10% P2O5, mol %) was also synthesized by the same procedure to 

compare its bioactivity with that of the Zn -substituted bioglass. NH4OH added to 

the resulted solution for gelation. The resultant gel was kept in a sealed container 

and heated at 70 ºC for an additional 3 days. The water was removed and a small 

hole was inserted in the lid to allow the leakage of gases while the gel was heated 

to 120 ºC for 2 days to remove all the free water. The dried gel was then heated 

for 24 h at 600 ºC to stabilize the glass and eliminate residual nitrates. 

 
TABLE 1. Chemical composition of investigated glass samples (in mol %). 

 

Glass code SiO2 CaO P2O5 ZnO 

Zn(0) 65 25 10 0 

Zn(2) 65 23 10 2 
Zn(4) 65 21 10 4 
Zn(6) 65 19 10 6 

Zn(8) 65 17 10 8 
Zn(10) 65 15 10 10 

 

Characterization techniques 

The DSC/ TG characterization of the dried gel was conducted in Differential 

Scanning Calorimeter (DSC) [computerized SETARAM labsys™] Thermal 

Analyser. The sample was heated in flowing Argon gas atmosphere at a heating 

rate of 10ºC/min. The weight loss measurements were also done in the same 

instrument and both the graphs were merged into one for comparative analysis. 

Phase analysis of the samples was examined by X-ray diffractometer (XRD); 

model BRUKER axs, using Ni-filtered CuKα irradiation at 40 kV and 25 mA. 

FTIR absorption spectra were recorded at room temperature in the 400 – 4000 

cm
-1

 range using a spectrometer of type (FT-IR-400, JASCO, Japan). The 

obtained spectra were used to analyze the structure of glasses before and after 

immersion in the simulated body fluid (SBF).  

 

Morphological observation of the resultant glasses was performed by Philips XL 

30 scanning electron microscope (SEM) with an accelerating voltage of 30 kV. 

Specimens were placed on a stub using a carbon sticker and examined under the 

microscope after being sputtered with a thin coat of gold.  Elemental image analysis 

was also carried  out  using  energy dispersive  X-ray  analysis  ((EDXA; 30 mm2  Si 

(Li)  R-RSUTW detector))  coupled  to  the  SEM instrument. EDX used to compare 

the intensities of calcium (Ca), phosphor (P) in bioglass before and after immersion in 

SBF. The changes in concentration of Ca, P of the extracted SBF solution were 

measured by UV-Vis (Jenway) Spectrophotometer technique. 



K. M. TOHAMY et al. 

Egypt. J. Biophys. Biomed. Engng.Vol. 16 (2015) 

4 

In vitro bioactivity analysis 
Immersion in SBF 

Hydroxyl apatite forming ability of the bioglass disks was analyzed by 

immersing the samples in simulated body fluid (SBF) for periods of time. Each 

specimen was immersed in Tris-buffered SBF solution with ion concentrations 

and pH nearly equal to that of human blood plasma (Table 2) at 37 ± 0.5 ºC, for 

21 days. A surface area to volume ratio of 0.1 cm
-1

 was maintained for all 

immersions, and the SBF solutions were not exchanged during the experiments.  

 

 
TABLE 2. Concentration (mM) and pH of simulated body fluid (SBF) and human 

plasma (23) . 

 

Ion SBF  

(mM concentration) 

Plasma 

 (mM concentration) 

Na+ 142 142 

K+ 5.0 5.0 

Mg++ 1.5 1.5 

Ca++ 2.5 2.5 

Cl- 147.8 103.0 

HCO3
- 4.2 4.2 

HPO4
-- 1.0 1.0 

SO4
2- 0.5 0.5 

pH 7.25 7.20-7.40 

 

 

The SBF was prepare by dissolving reagent-grade NaCl, NaHCO3, KCl, 

K2HPO4 , 3H2O, MgCl2 , 6H2O, CaCl2, and Na2SO4 in deionized water. The 

solution was buffered to pH 7.4 with Tris–(hydroxymethyl)-aminomethane 

((CH2OH)3CNH3) and hydrochloric acid 
(22) 

. The samples were removed from 

the incubator, rinsed gently, first with pure ethanol and then using deionized 

water, and left to dry at ambient temperature in desiccators for 3 h.  

 

Changes in phase composition of the specimens were determined by X-ray 

diffractometry (XRD). After 21 days of soaking in SBF, the samples were 

withdrawn from the solution and washed with distilled water, dried at room 

temperature, ground to fine powder and analyzed. XRD has been made for all 

samples with Co Kα (1.54Å) radiation, identified by JCPDS International Center 

for Diffraction Data Cards. The patterns of unsoaked bioactive glass specimens 

were also taken for comparison. 

 

FTIR spectra of the bioactive glasses were measured at room temperature in the 

wave number range of 4000–400 cm
-1
 using a Fourier transform infrared 

spectrometer (Shimadzu (Japan) FTIR-8700). Fine powders were mixed with KBr 
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powder by the ratio of 1:100. The FTIR spectra were immediately measured after 

preparation of the disc. The obtained spectra were used to analyze the structure of 

glasses before and after immersion in the simulated body fluid (SBF). 

 

Change in concentration of Ca, P ions of the SBF was measured soaking the 

powder samples in 80 ml of SBF in polyethylene containers maintained at 37 ºC 

for 21 days. During the course of immersion the dissolution of Ca and P ions into 

the SBF solution was monitored periodically using UV-Vis spectrophotometer 

technique.  

 

Results and Discussion 

 

DSC and TGA thermal analysis 

DSC–TG curves of SiO2-CaO–P2O5–ZnO powder heated up to 1000 ºC are 

shown in Fig .1. The total weight loss shown in TG curve is about 36 wt%. The first 

weight loss occurred in the temperature range of 25–180 ˚C (less 2.5 wt %) can be 

ascribed to the loss of alcohol and water. The second weight loss (14.40 wt %) 

occurred in the range of 180–280˚C is associated with the partial elimination of 

organic residues which is confirmed by the corresponding endothermic signal in the 

DSC curve. Very slow heating in this temperature range was very important to 

eliminate the remaining organics. More weight loss commenced from the end of first 

weight loss (280 ˚C) up to 600 ˚C, which is most likely due to the loss of organic 

material by further condensation. The maximum weight loss rate takes place between 

300 and 500 ˚C, thus the gels were further calcined at 500 ˚C to remove organic 

residuals; the weight loss above that may due to the elimination of hydroxyls. In 

general, the dried gels showed overall weight losses around 20–30% over the 

temperature range 50–800 ˚C during the course of TGA measurements 
(24)

 . 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. DSC–TG curves of zinc containing glass Zn (4%). 

Exo 

 

0 200 400 600 800 1000

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

DSC-TG of Zn 4

T
c

Temprature C

TG
 %

60

65

70

75

80

85

90

95

100

105

D
S

C
 u

V
/m

g

 

 
Endo 

 



K. M. TOHAMY et al. 

Egypt. J. Biophys. Biomed. Engng.Vol. 16 (2015) 

6 

DSC  trace  is  a  plot  of heat  changes  of  the  glass  as  a  function  of  

temperature  and  is used  to  determine  temperatures  at  which  phase  transitions  or 

another  thermal  phenomenon  occur. The  first  endothermic  peak  which  initiated  

from room  temperature to 180˚C corresponds  to  the  release  of  physically 

adsorbed  water  and  the  pore  liquor  (water  and  by-products  from the  

polycondensation  reaction)  that  were  not  removed  during drying. Second 

endothermic peak observed in the range of 180–220˚C is attributed to the loss of the 

residual solvent (water and ethanol). Third  endothermic  peak  (onset  at  421 ˚C)  

was  due  to the  condensation  of  silanol  groups  and  the  removal  of  nitrate 

groups  that  are  usually  eliminated  in  the  thermal  stabilization process.  All 

nitrates were removed by 500 ˚C.  Also,  the  large  exothermic  peak corresponded  

to  crystallization  of  the  glasses  is  appeared  at  927 ˚C  for  BG-Zn 
(25)

 . 

 

X-Ray diffraction 

Phase compoitiosn 

Figure 2 shows the XRD pattern of the glass samples containing various 

amounts of Zn before immersion in SBF. All samples were devoid the crystalline 

peaks and take amorphous state characterized by the broad diffraction bands 

centered at ~25 in 2θ, indicate the internal disorder and glassy nature of these 

materials. 
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Fig .2.  XRD pattern of the glass samples containing various amounts of Zn 

before immersion in SBF. 
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Figure 3. shows the XRD pattern of the glass samples containing various 

amounts of Zn after immersion in SBF. On immersion in SBF for 21 days, 

crystalline peaks appear in the XRD patterns, indicating the formation of a 

crystalline layer on the surface of the glass. Initially, two well-defined hydroxyl 

apatite (HA) peaks develop at 2θ values of 2θ=31.8° (211) and 25.8° (002) 

according to the standard JCPDS cards (76-0694). Wide diffraction peak at 

angles (2θ) at 32.18°, 32.8° corresponds to the overlapping of (1 1 2), (3 0 0) 

reflections of the well- crystallized HA. The XRD peak of the samples becomes 

broader, indicating lower crystallinity due to the addition of zinc. These changes 

suggest that the crystallinity of the apatite decreased as Zn fraction increase. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. XRD pattern of the glass samples containing various amounts of Zn after 
immersion in SBF for 21 days. 
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Calcite (CaCO3) peaks: It is notable that in all samples there are two well-

defined calcite (Ca CO3) peaks develop at 2θ values 29°and 48° according to the 

standard JCPDS cards (88-1809). Calcite peaks decreased gradually in other 

samples that contained higher amounts of zinc. Due to substitution of calcium 

with zinc content in glass composition, then amount of calcium ions that 

contributed in calcite formation decreased. 
 

The mechanism of calcite phase formation is related to the release of high 

concentrations of calcium ion from glass to the SBF solution in the early stage of 

immersion. This high release of calcium and the presence of hydrogen carbonate 

ions in SBF allowed the precipitation of calcite following the reaction (1). 

 

Ca2 O + 2HCO3
- 
→ CaCO3  +CO2+  H2O         (1) 

 

 

This fact confirms the hypothesis of a precipitation of calcium ions from glass 

with hydrogen carbonate ions when glass immersed in SBF (26) 
. 

 

Evaluation of crystallinity  

The degree of crystallinity (XC), corresponding to the fraction of crystalline 

phase present in the examined sample, was evaluated by the relation: 

 

 

 

 

 

 

 

where : I is the intensity of the main peak reflection, V is the intensity of the 

hollow between the main peak and the peak beside it.  

 

Determination of crystallites size by Scherer's equation  

The crystallite size (L) was calculated from: 
(27, 28)

 

 

 

 

 

 

where (β) is the full width of the peak at half of maximum intensity (FWHM) (in 

radians), (λ) is the wavelength of monochromatic X-ray beam (λ=1.79026 Å) , 

(θ) is the diffraction angle, (K) is a Scherer constant defined as the crystallite 

shape and is approximately equal 0.9. 

 

The formation of an apatite phase was confirmed by the observed HAP main 

peaks that appeared during the immersion. A broad band corresponding to the 

main apatite peak (2 1 1), (3 0 0) and (2 0 0) peaks appeared after 14 days.  
 

I
V

X c
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003/211
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As zinc concentration increases, the XRD peak of the samples become 

broader, indicating lower crystallinity due to the addition of zinc. Crystallinity, 

Xc is defined as the fraction of the crystalline phase in a sample volume. An 

empirical relation between Xc and β is commonly deduced according to the 

Scherer's equation. 

 

As the zinc content increased, both the crystallinity (Table 3) and crystal size 

(Table 4) decreased gradually. The ionic radius is smaller for Zn
2+

 (0.074 nm) 

than that of Ca
2+

 (0.099 nm), which might have distorted the crystal structure of 

hydroxyapatite. These changes suggest that the crystallinity of the apatite 

decreased as Zn fraction increase, which agree with the results of the XRD 

patterns. 
(29)

 
 

TABLE  3. The crystallinity (X
C
) (%) of all samples. 

 

Crystallinity 

( X
c 
) V I 

Sample 

code 

 

0.69 10 33 Zn(0) 

0.45 13 24 Zn(2) 

0.36 12 19 Zn(4) 

0.28 15 21 Zn(6) 

0.25 15 20 Zn(8) 

0.21 18 23 Zn(10) 

   
 
TABLE  4. Crystal size of all samples. 

 

 

 

Crystal size 

(nm) 
β Cos θ θ 2θ 

Sample 

code 

 

166.23 0.0086671 0.962001 15.8455 31.691 Zn(0) 

108.01 0.013319 0.963443 15.54 31.080 Zn(2) 

103.66 0.013922 0.960356 16.187 32.374 Zn(4) 

86.25 0.016726 0.960752 16.1055 32.211 Zn(6) 

22.49 0.064113 0.960979 16.0585 32.117 Zn(8) 

15.65 0.092132 0.963443 15.54 32.080 Zn(10) 
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Fourier transform infrared spectrometer (FTIR) 

Before immersion  

For all unsoaked glasses (Fig . 4), the bands appeared in the range 800–1100 cm 
-1

 

are ascribed to the stretching modes of SiO4 tetrahedra. The wide absorption band 

at 1000–1100 cm
-1

 assigned to the asymmetric stretching mode Si–O (asym), the 

one weak band around 800 cm
-1

 is associated to symmetric stretching vibration 

Si–O–Si (sym).  Furthermore, the band at 470 cm
-1

 can be ascribed to the Si–O–

Si bending mode. The signals at around 1630, 3433 cm
-1

 is also assigned to 

deformation mode of H–O–H group attributed to the absorbed water molecules. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
    Fig. 4.  FT-IR transmittance spectra for Zn containing glass before soaking in SBF . 

 

After immersion  

The sharpened bands in the range of 800 – 1100 cm 
-1

 are probably due to the 

formation of silica gel like layer on the surfaces of these glasses (Fig 5). Peak at 

562 cm
-1

 split into peaks at 570 cm
-1

 and 602 cm
-1

 which associated with the P–O 

bending mode of crystalline phosphate group in HA structure. Shoulder appeared 

at 870 cm
-1

 is attributed to the stretching (str) mode of C–O group in the lattice 

structure of the formed apatite layer. 
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Fig.5. FT-IR transmittance spectra for Zn containing glass after soaking in SBF for 

21 days. 

 

The absorption band at around 1050 cm
-1

 associated with the P–O stretching 

has an overlap with Si–O–Si (asy) and thus is not clearly distinguishable. The 

shoulder in all samples at 1246 cm
-1

 is related to the non bridging oxygen bonds 

(NBO) of Si–O–Ca. Two bands located at 1620 and 3423 cm
-1

. These 

absorptions are characteristic of the presence of water related to the hygroscopic 

feature of the formed apatite. The bands that appeared at 875 and 1422 are 

assigned to C–O stretching in carbonate groups substituted for phosphate groups 

in apatite lattice. 
(25)

 . 

  

The  band seen at 965cm
-1

 , can be related to the Si-O-H  stretching  vibration ,  

this  peak  increases  as  the concentration of Zn decreases, which is expected  

since  the  peak  of  the  silicon  bonded  to  hydroxyl  groups would be more 

intense. The band at around 800 cm
-1

 observed for all the  considered  

concentrations,  vary  likely  due  to  interaction  between  Zn
+2

  and  the  silica  

glass  network  which  can  result  between  the  two  characteristic  bands  for  

silica  at  800 cm
-1

  and  470 cm
-1

. 
(30)

. It is notable that the ZnO may be able to 

enter the forming apatite nuclei and thus inhibits their evolution to tiny apatite 

crystals. This can be considered for ZnO cannot be accommodated in the apatite 

structure (the apatite lattice) but changes in its physicochemical properties. 
(31)

. 
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Surface morphology and elemental composition 

Figure 6 shows SEM -EDXS spectrum of the 4% Zn-bioglass sample 

indicating the nominal composition of zinc substituted bioglass. . SEM of the 

glass surface revealed a heterogeneous surface with random-sized particles. 

EDXS spectrum show  the  presence  of Si, P, Zn and  Ca  as  the  main  elements  

of  glass composition. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. SEM image -EDXS spectrum of the 4%Zn bioglass system indicating the nominal 

composition and the heterogeneity nature of zinc substituted bioglass. 
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EDXA–SEM analysis of 4% Zn bioglass system at the end of 21 days of 

immersion in SBF solution yielded important information about the formation of an 

appetite layer (Fig.7). The surface morphology of the glass sample shows the typical 

features of Ca-deficient apatite precipitation on the surface after immersion in SBF. 

High-magnification SEM images (Fig .7 upper) further reveal that each Ca–P granule 

consists of a large number of tiny flake-like crystals of Ca–P as reported earlier 
(33)

. 

The bioglass specimens were further characterized in terms of their ability to form 

apatite in SBF. The  elemental  image  analyses  of  Zn 4%  sample  carried  out  by  

EDS show  the  presence  of  P and  Ca  as  the  main  elements  of  glass  surface  and  

confirm that  the  formed  layers  are  calcium  phosphate  in  nature.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. SEM image – EDXS microanalysis of 4%Zn bioglass surface after 21 days of 

immersion in SBF showing the significant increase in the ionic concentration 

of the apatite layer grown on the surface of the glass disk. 
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In  BG-Zn  specimen,  although  phosphorous  is  also  found  in its  elemental  
composition,  concentration  of  Si  is  considerable. The  results  suggest  that  a  
thin  layer  of  calcium  phosphate  may be  formed  on  Zn-containing  glass  
which  cannot  be  detected  by XRD  technique  because  of  its  low  
concentration  with  respect  to the  bulk  volume.  The  appearance  of  Si  
element  in  EDS  pattern of  this  specimen  indicates  the  extenuation  of  the  
formed calcium  phosphate  layer.  Also, peaks  of   Cl and Na  suggests that  
these  ions  are  incorporated  into  the  crystal  structure  of  apatite or  adsorbed  
on  glass  surfaces  from  the  SBF  despite  of  washing process . 

(29)
. 

 
Elemental analyses 

Calcium concentration  

Figure 8 shows changes in Ca ions concentrations of SBF after soaking of the 

glasses. The change in concentration of Ca ions can reflect the competition 

condition between the rate of dissolution and precipitation processes. At t=0, 

concentration of calcium in SBF solution is approximately 100 mg/L. The 

increase in the Ca concentration observed for all specimens at the end of first day 

is attributed to dissolution of the bioglasses phase. The Ca concentration higher 

than 100 mg/L means that the dissolution rate is faster than the precipitation rate 

and it is the opposite for the Ca concentrations lesser than 100 mg/L. 
 

The decrease in calcium concentration from 4 up to 15 day is due to the 

consumption of calcium ions through apatite formation on their surfaces. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 8 . Concentration of Ca2+ ions in SBF for 15 days . 
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Phosphorus concentration 

Figure 9 shows the concentration of P ions in SBF solution for 15 days of 

immersion. Before immersion phosphate ion concentration in SBF is 30ppm 

only. The phosphorus concentration increased with addition of zinc content, 

dissolution of (P) increased from first day up to fourth day, and then decreased 

gradually from 4 up to 15 day. This decrease in phosphorus concentration is due 

to the consumption of phosphate ions through the formation of apatite on the 

surfaces of glass samples Zn (0), Zn (2) Zn (4) and Zn (6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9. Concentration of (P5+) ions in SBF for 15 days. 

 

PH analysis 

The dissolution of Ca
2+

 ions from the samples would lead to locally increase 

of the pH value of the surrounding fluid as shown in Fig .10 that has a strong 

effect on the relative solubility of different phosphate phase, which should result 

in precipitation of new apatite crystals on the surface of the glass. However, only 

after 14 days of soaking, apatite agglomerates were observed on the surfaces and 

accompanying the decrease of Ca
2+

 concentration. Zinc element detected in the 

deposited agglomerates suggests that zinc can inhibit the apatite phase formation 

from the solution in the early stages of dissolving. The precipitation would 

change the super saturation of the surround solution and then cause the further 

dissolution of the samples. However, the Ca
2+

 concentration has not shown a fast 

increment with the increasing of soaking time after deposition of apatite 

agglomerates 
(33) 

.
 

0 2 4 6 8 10 12 14 16

20

30

40

50

60

70

80

time day

P
 c

o
n

c
e

n
tr

a
ti
o

n
 %

 Zn(0)

 Zn(2)

 Zn(4)

 Zn(6)

 Zn(8)

 Zn(10)

P
 5

+
co

n
ce

n
tr

at
io

n
 p

p
m

 

time (day) 



K. M. TOHAMY et al. 

Egypt. J. Biophys. Biomed. Engng.Vol. 16 (2015) 

16 

 

Fig. 10. The change in pH results of Zn containing bioglasses after immersion in SBF 

for 15 days. 

 

Conclusion 

 

Different bioactive glass samples were prepared composed of [SiO2-CaO–

P2O5–ZnO)], Ca was gradually substituted with Zn (percentages of 0, 2, 4, 6, 8 and 

10 mol %) by sol-gel method. The results showed that Substitution of Ca with Zn 

ions in the glass composition decreased the solubility of the bioactive glass, and 

inhibit formation of calcium phosphate layer, strongly dependent on Zn 

concentration. ZnO addition reduces the reaction between the glass sample and 

surrounding body fluid. ZnO gives the glass the potential not only to control their 

reaction with body fluid, but also for enhanced bone formation. Crystal size and 

crystallinity of apatite peaks decreased gradually by addition zinc amount. SEM 

exhibit there is flake-like crystals seems that covered limited amount of the surfaces 

of (4%ZnBG) bioglass sample. These flake-like crystals have been expressed that 

they are precipitated calcium phosphate with bone-like morphology. 
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 -تحضير وتوصيف زجاج حيوى نشط  مطعم بالزنك بطريقة السول

 جيل

 
عبدربه تهامى ، أحمد صابر محـمدخيرى 

  
أحمد جمال مصطفى و

*
 

وشعبة الفيزياء الحيوية 
*

مدينة  –جامعة الازهر –كلية العلوم )بنين(  –قسم الفيزياء  

 مصر. –القاهرة  –نصر 

 

جيل ذات الوسط القلوى السريع تم تحضيرعدد من عينات الزجاج  –بإستخدام طريقة السول 

 ، [(SiO2–(25-X) %CaO–%P2O5–X%ZnO%65]الحيوى النشط فى النظام 

Zn)حيث يحل الزنك 
2+

Ca)وم ـمحل الكالسي (
2+

ب التالية ـــيم النســد قــعن (

لتقييم النشاط الحيوي للعينات. تم غمر  وذلك                                      :

( وذلك لفترات زمنية SBFالعينات فى سائل محاكى لبلازما دم الكائن الحى )

يع العينات وذلك بواسطة استخدام جهاز التحليل الحرارى تم توصيف جممختلفه. 

وكذلك طيف الاشعة تحت   ،XRD)(، وحيود الاشعة السينية )DSCالتفاضلى )

. تم أيضا (SEM)المجهر الالكترونى الماسح لى إ، بالاضافة  ((FT-IRالحمراء 

Ca) قياس تركيزات ايونات الكالسيوم
2+

P) والفوسفور (
5+

ن والتى انطلقت م (

(.وقد أوضحت النتائج التى تم قياسها أن إحلال (SBFالعينات داخل محلول السائل 

الزنك بدلا من الكالسيوم يقلل من الملائمة الحيوية للزجاج الحيوى مقارنة بالعينه 

حيث اتضح أنه بزيادة نسبة الزنك والذى  ،الضابطه والتى لا تحتوى على الزنك 

لى تناقص طبقة فوسفات إيحل بدلا من الكالسيوم داخل عينات الزجاج قد ادى 

الكالسيوم )الأباتيت( التى تتكون على سطح العينات وذلك بعد غمرها فى محلول 

(SBF.) 
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