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Studies on Preparation and Characterization 
of Na2O-CaO-P2O5-ZrO2 Bioglass-ceramics 

                                                          M.R. Majhi, Ram Pyare and S.P.Singh 
 
Abstract – Bioglass ceramics of compositions 45P2O5-24CaO- (31-X) Na2O-XZrO2, where(X= 0-3 mole %) were prepared. The DTA analysis 
results showed the nucleation and crystallization temperature, which increases with increasing ZrO2 in the place of Na2O in the glass 
composition. The identification of crystalline phases in  Na2O-CaO-P2O5 - ZrO2 bioglass–ceramics were detected as calcium phosphate (ß-Ca 
(PO3)2 ), sodium pyrophosphate (Na4P2O7), calcium pyrophosphate (ß-Ca2P2O7 ), Sodium meta phosphate  (NaPO3 ) , Sodium calcium 
metaphosphate (Na4Ca(PO4)6 ) and sodium zirconium phosphate (Na5Zr(PO4)3) by X-ray diffraction analysis. The main phase was identifying 
as calcium pyrophosphate (ß -Ca2P2O7 ), which is known for its bioactivity. The bioactivity of the prepared glass and their ceramic derivatives 
were done by measurement of the reflection spectra for the samples after immersing in the simulated body fluid (SBF) for different period at 
37.8OC .The result revealed that no apatite layer was formed on the surface of the samples and the predominant phase remained on the 
surface was ß-Ca2P2O7   which is well known for its bioactivity. pH measurement of SBF for different periods was showed that chemical 
durability of glasses and their glass ceramic derivative increases with increasing ZrO2 content. The dimension of the crystal sizes decreases 
gradually with increasing the ZrO2 content after SEM analysis.   
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1. INTRODUCTION 
io glasses and glass–ceramics were used for medical 
applications due to their superior physico-chemical 
properties. Different types of bioactive glass and 

glass- ceramics materials have been developed over the 
last three to four  decades[1-2]. The main bioactive 
glasses, glass–ceramics and ceramics used clinically are 
bio glass in the system Na2O–CaO–SiO2–
P2O5,hydroxyapatite (Ca10(PO4)6(OH)2), tricalcium 
Phosphate Ca3(PO4)2, HA/TCP of different phases, 
ceramics and glass–ceramics, A/W containing 
crystalline oxyfluoroapatite [(Ca10(PO4)6O, F) and 
wollastonite (CaSiO3) in MgO–CaO–SiO2 glassy 
matrix[3-7].The production of composite materials has 
proven to be suitable solutions for improving the 
mechanical properties of weaker materials. Ceramic 
matrix biocomposites were reinforced by introducing 
another tough phase, Al2O3 and ZrO2 [8-9].On the 
other hand, zirconia ceramic, which is bioinert, is highly 
biocompatible and shows higher strength. Most of the 
published works on bioactive glasses and glass–
ceramics are concentrated on SiO2-based materials. 
However, there is uncertainty about the long-term 
effect of silicon in vivo. The use of  
crystalline phosphate ceramics has attracted much 
interest recently to the development of phosphate  
glasses and glass–ceramics for use in orthopedic 
implants because of their chemical and physical 
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properties which makes them suitable for use as bone-
bonding materials [10-12]. An addition of oxides like 
magnesium oxide, aluminum oxide or  

zirconia may be used to control some physical and 
chemical properties [13]. Prepared resorbable bioglass–
ceramics from the system, Na2O–CaO–P2O5 containing 
Al2O3 to control the dissolution rate. After special 
thermal treatment, some crystalline phases were 
separated and implantation experiments demonstrated 
that the bone substance had grown into the phosphate 
glass–ceramics without the formation of connective 
tissues. In this present investigation, bioglasses having 
molar composition 45P2O5-24CaO- (31-X)Na2O-XZrO2 
(Where X=0 to 3 mole %) were prepared and converted 
into their bioactive glass ceramics by thermal heat 
treatment. The bio glass and their ceramic derivatives 
were characterized for their physico-chemical 
properties such as nucleation temperature, 
crystallization temperature, different crystalline phases 
present, density, compressive strength, bioactivity, 
chemical durability. 

2. EXPERIMENTAL METHODS 
2.1. GLASS PREPARATION 
For preparation of 45P2O5-24CaO-(31-X) Na2O-
XZrO2(where X=0 to 3 mole%)glasses, the required 
amount of batch materials were weighed and mixed 
thoroughly in a agate mortar and pestle. The phosphate 
glasses of different compositions were prepared by 
melting the mixed batch materials in globar furnace at 
1200± 5OC in 100 ml alumina crucibles in air 
atmosphere. Chemicals used for glass batches were of 
analytical reagent grade ammonium dihydrogen 
orthophosphate, calcium carbonate, sodium carbonate 
and zirconia. After 3 hrs of melting the glass were taken 
out from the furnace and poured on an aluminum sheet 
and then cooled to room temperature .After crushing 
the glass, it was again remelted in the furnace for 
another two hours to ensure homogeneity. After 
homogenization and remelting, it was taken out from 
the furnace and poured in a hot rectangular mould kept 
on aluminum sheet and annealed at 480 oC . The 
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annealed glass samples were preserved for their 
Physico-chemical properties. 
2.2. DENSITY AND COMPRESSIVE STRENGTH OF 

BIOACTIVE GLASSES  
The densities were determined by the Arcmedic’s 
principle method and compressive strength of the 
sintered bioglass ceramic pellets were subjected to 
compression test. The test was performed using Instron 
Universal Testing Machine at room temperature (cross 
speed of 0.05 cm/min and full scale of 5000 kgf)) 
2.3. DIFFERENTIAL THERMAL ANALYSIS 
Differential Thermal Analysis measurement was carried 
out on powdered bio glass samples which were 
examined up to 1000 OC using a powdered alumina as 
a reference material (SETARAM Instrumentation, 
France) and the heating rate was 10oC min−1. The DTA 
data were used to obtain the proper heat treatment 
temperatures to obtain the corresponding glass–ceramic 
derivatives with high crystallinity. Briefly, these results 
showed that the values obtained were for glass 
nucleation temperature and the crystallization 
temperatures. 
2.4. PREPARATION OF GLASS TO GLASS-CERAMIC 

SAMPLES (HEAT TREATMENT PROCESS 
The bio glass samples were thermally heated in two-
step regime, at the deduced temperatures shown in 
Table II. Each bio glass sample was heated slowly to the 
first nucleation temperature for the formation of 
sufficient nuclei sites and after holding up to 4 hrs, it 
was then further heated to reach the second chosen 
crystal growth temperature for performing the perfect 
crystal growth. After a second hold for 6 hr. the 
specimen was left to cool inside the muffle furnace to 
room temperature at a rate of 20oC per hour 
2.5.X-RAY DIFFRACTION MEASUREMENT 
The crystalline phase was identified by using X-ray 
diffraction analysis, The heat-treated bio glass ceramic 
samples were ground to 75 microns and the fine 
powder was subjected to XRD test using Cu-Kα 
radiation (λ = 1.5405A° ) in a 2θ range between 20o and 
80o. Step size and measuring speed were set to 0.02◦ 
and 10 /min; respectively, with a tube voltage of 40 kV 
and current of 35mA. The JCPDS-International Centre 
for diffraction Data Cards were used as a reference.  
2.6.IN VITRO BIOACTIVITY STUDY OF BIOGLASS AND 

BIOGLASS–CERAMICS BY FTIR – REFLECTANCE 

SPECTRA 
In order to investigate the formation of calcium 
phosphate layer on the surface of the samples after 
immersing in SBF solution. The sample was immersed 
in 40 ml of SBF solution in a small plastic container at 
37.8 oC and pH 7.4 in an incubator at static condition 

for 1 to  30 days. The SBF solution was prepared as 
described by Kokubo et al[14]. The samples were 
removed, dried and stored in desiccators. The Infrared 
reflectance spectra of the bioglasses and their ceramics 
derivatives were measured at room temperature in the 
frequency range of 4000–400 cm−1. (Using a Fourier 
transform infrared spectrometer, Is10 Nicolet, USA) 
since bioactivity is determined by the formation of 
calcium phosphate layer on the surface of the samples. 
2.7.PH MEASUREMENT OF SBF FOR DIFFERENT TIME 

PERIODS FOR DETERMINE THE CHEMICAL DURABILITY OF 

GLASSES  AND THEIR GLASS CERAMIC DERIVATIVES 
The glass and glass-ceramic samples in the form of 
palate in the size range 1cm diameter,   were subjected 
to the action of simulated body fluid , prepared  by 
Kokubo et al[14] at 37.8 oC and pH 7.4 for different time 
periods (1 to 30 days). The pH  of solution were 
measurement at different time periods by the help of 
pH meter to find out their chemical durability. 
2.8. SURFACE ANALYSIS USING SCANNING ELECTRON 

MICROSCOPE 
The bioglass-ceramic samples surface was analysed 
before and after SBF treatment. To find out the surface 
microstructure by using a scanning electron microscope 
(SEM) (Supra -40 200, Fei, CZ). The samples were 
coated with plasma gold plated before testing with 
SEM. 

 
3. RESULTS AND DISCUSSION 
3.1.DENSITY AND COMPRESSIVE STRENGTH OF 

BIOACTIVE GLASSES  
Results presented in Table 1 and Figure 1 shows that 
the density and the compressive strength increase with 
increasing ZrO2 in the glass. This is due to presence of 
ZrO2 the  provide more density and more strength than 
Na2O. This indicates that replacement of Na+ ion by 
Zr5+ ion increase the density as well as compressive 
strength of the of glass which is  earlier reported by 
Jarcho et al.[25] 
3.2. DIFFERENTIAL THERMAL ANALYSIS 
Differential thermal analysis results are shown in Fig. 2 
and Table 2 for different bio glasses samples. The 
results revealed that the nucleation and crystallization 
temperatures increased with increasing ZrO2 content 
[21].When zirconium ion substituted for sodium ions 
the bonds are formed  

 

 

 

 

 

 

 
Table1: Variation of   density and compressive strength with increasing of   ZrO2 content of bioglass from  
S.No(1-4) 
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          Fig.1: Variation of   density and compressive strength with increase of ZrO2    content of  bioglass samples from   
                      S.No .(1-4) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sr. No  Glass Compositions  
(Mole %) 
 

Density(gm/cc)  Compressive 
Strength(MPa)  

 1 45P2O5-24CaO-31 Na2O 
 
 

2.61 135 

 2 45 P2O5-24CaO-30Na2O-1ZrO2 
 

2.69 142 

3 45 P2O5-24CaO-29-Na2O-2ZrO2 
 

2.72 152 

4 45 P2O5-24CaO-28Na2O-3ZrO2 
 

2.82 159 



International Journal of Scientific & Engineering Research Volume 2, Issue 8, Auguest-2011                                                                                  4 

ISSN 2229-5518 

 

IJSER © 2011 

http://www.ijser.org 

 

 

 
Table 2. Variation of nucleation and crystallization temperature with increase of ZrO2 content of  bioglass  
                   Samples from    S.No.(1-4) 
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Fig.2. Variation of nucleation and crystallization temperature with increase of ZrO2 content of   bioglass samples from 
S.No. (1-4)         

 

 

 

 

 

 

 

Sr. No  Glass Compositions 
(Mole %)  

(Tg  )Nucleation 
Temperature(0C) 

Tc 
crystallization 
temperature(0C) 

 1 45P2O5. 24CaO. 31Na2O .0ZrO2  521 721 

 2 45P2O5 24CaO 30.0Na2O.1ZrO2 539 732 

3 45P2O5 24CaO .29Na2O.2ZrO2 545 735 

4 45P2O5 24CaO .28Na2O.3ZrO2 548 738 
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with the strong covalent Zr-O bond than Na-O because 
of the electronegativity of sodium is lesser than 
zirconium .The increasing of nucleation and 
crystallization temperature with increasing of ZrO2 
content related due to the stronger bonding in to the 
glass structure. 

3.3. X-RAY DIFFRACTION RESULTS FOR BIO GLASS–

CERAMICS 

The XRD pattern of the reference sample (1) Fig.3  
indicate the calcium pyrophosphate (ß-Ca2P2O7) is the 
predominant phase in the present phosphate glass 
ceramics. It reported by many investigations that the (ß-
Ca2P2O7) phase is formed in glass ceramics derived 
from the phosphate invert glass systems with P2O5 
content less than 50 mole % . The glasses of the present 
system have both Q2(PO2) and Q1 (PO3) phosphate 
groups. The fraction of  Q1 groups increases 
proportionally to the content of the network modifying 
oxides where as the fraction of  Q2 groups decrease 
.The amount of the network modifying oxides in the 
present work is 55 mole% which indicates the fraction 
of  pyrophosphate groups Q1 is high. The result show 
that both pyrophosphate and metaphosphate crystalline 
phases are present after crystallization of the system. It 
has been reported that sodium metaphosphate (NaPO3) 
and sodium calcium metaphosphate  ( Na4Ca(PO4)6 ) 
phases are formed in Na2O-CaO-P2O5 system with 
P2O5 content of 45mole%. If the CaO content is high ( 
Na4Ca(PO4)6  ) phase  is predominant phase and if the 
Na2O content is high NaPO3  phase is the predominant 
phase and at the intermediate composition region both 
phases are precipitated but not as the major phases, 
however the sodium metaphosphate phase is formed 
relative high amount after major phase of  ß -Ca2P2O7 
,Sodium calcium metaphosphate Na4Ca(PO4)6  phase 
seams to formed with little amount .The effect of ZrO2 
addition on the crystallization process is quietly 
observed ,the peaks of the Na4Ca(PO4)6  phase are seen 
to be disappeared, The peaks of NaPO3 phase become 
lowered and new peaks of Na5Zr(PO4)3) phases are 
distinguished ,This effect may be controlled with 
assumption of the depolymerization effect on the 
metaphosphate network. 

3.4. FTIR REFLECTION SPECTRA OF PARENT BIO 

GLASSES AND THEIR CERAMIC DERIVATIVES 

From the table 3 and figs.( 4-11) shown FTIR spectra of 
bio glass and their ceramic derivative  before and after 
immersion in SBF solution for 1 to 30 days . In bioglass 
1 the peaks at 1160 cm-1 and 1610 cm-1  has been  
vanished and other peaks are similar (there is slight 
change in peaks position). In bioglass 2 after 15 days the 
peaks at 1360cm-1 has been vanished and other peaks 

are more or less similar .In bio glass 3 the peaks at 460, 
515 and 1648 cm-1 has been vanished and new peaks at 
815 cm -1 has been produced .In bioglass 4 the peaks at 
510 and 1642 cm-1 has been vanished other peaks 
remains as it  is earlier. Bioglass ceramics before 
immersion in SBF solution all bio glass ceramic have 
similar peaks except in bioglass ceramics 1 has extra 
peak at 1125 cm-1. After immersion in SBF solution 
from 1 to 30 days all samples has common peaks at 
560,815 and 1350cm-1 . The P-O stretching peak at 1000-
1220 cm-1 indicating the formation of amorphous 
CaO.P2O5 rich layer. The P-O bending (crystalline) 
peak at 550-620 cm-1 is the characteristics peaks of 
calcium pyrophosphate which indicate the bioactivity 
of the bioglass ceramics. 

3.5. CHEMICAL DURABILITY OF BIOGLASS (CHANGES IN 

PH) 

The chemical durability of bioglass and bioglass 
ceramic samples were immersed in SBF solution  for 
different periods  haS been determined by pH. From fig 
12 and 13 shows that the leaching/dissolution behavior 
of both bio glasses and ceramic derivatives of bio 
glasses. The changes in pH after various time periods of 
in vitro dissolution. It can be clearly noticed that pH, in 
all cases increases initially within first upto 7 days, 
when compared to the pH of the initial solution. 
Subsequently, pH of solution decreases after 15 and 
30days finally. The changes in pH are due to ion 
leaching i.e. chemical changes of material surfaces at 
different time periods. The increase in pH shows that 
the reduction in the concentration of H+ ion   due to the 
replacement of cation ions in the glass and subsequent 
production of OH- ions. It is also observed that the 
decrease in pH of the solution after 15days due to 
breaking of glass network. The reason may be 
considerable leaching of the glassy matrix from the 
surface. It can be understood that after 15 days the 
leached layer is removed and fresh layer is exposed, 
and therefore, demand for hydrogen ions is 
comparatively less. Similar change in pH, i.e. with 
decrease in pH to acidic region after 15 and 30 days 
respectively. 
Phosphate glasses dissolve in aqueous media in the the 
following two independent steps. 
(i)Hydration reaction ; There is an interchange of H+ 
ion in the solution with Na+ ions from the glass  
forming a hydrated surface layer on the glass surfaces 
at the glass –water interface. 
(ii)Network breakage; the release of different 
constituents from phosphate glasses in aqueous 
solution is due    to the hydrolysis reactions given as 
below; 
 

  O       O                              O                   O 
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          II        II                              II                    II 
   ˜ O- P-O- P-OH + H2O→ ˜ O-P-OH + HO- P-OH 
          I         I                                                     I 
        OM

+
    OM

+                                                                   
OM

+                                                         
 

In the hydrolysis of phosphate glass the P-O-P bonds 
broke which may lead ultimate destruction of the 
polymeric phosphate network and may produce 
orthophosphate. The glass –ceramics samples are  
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        Fig.3:X-ray diffraction pattern of bio-glass ceramics samples from S.No. (1-4) 
 
1- NaPO3  (Sodium meta phosphate) PDF#19-200 
2- ß -Ca (PO3)2(Calcium Phosphate) PDF#: 35-327 
 3- Na4P2O7(Sodium pyrophosphate) PDF#: 19-159 
 4-Na4Ca(PO4)6  ( Sodium calcium metaphosphate )PDF#22-170 
 5-ß-Ca2P2O7(Calcium pyrophosphate) PDF#: 22-145 
 6- Na5Zr(PO4)3) (Sodium zirconium phosphate) PDF#: 42-180 
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Fig. 4: FTIR reflection spectra of Bio glass                            Fig.5: FTIR reflection Spectra of Bio glass ceramics       
           before and after SBF treatment (G-1)                                     before and after SBF treatment (GC-1) 
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Fig.6: FTIR reflection spectra of Bio glass                            Fig.7: FTIR reflection Spectra of Bio glass ceramics         
           before and after SBF treatment (G-2)                                    before and after SBF treatment (GC-2) 

 

 

 

 

 

  

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

Y 
Ax

is
 T

itle

X Axis Title

 ###

15 days

 

  

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

Y 
Ax

is
 T

itle

X Axis Title

 ###

7 days

 

  

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

Y 
Ax

is
 T

itle

X Axis Title

 ###

3 days

 

 

 

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

Y 
Ax

is
 T

itle

X Axis Title

 ###

1 day

 

 

 

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

30 days

Y 
Ax

is
 T

itle

X Axis Title

 ###

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Before

%
R

ef
le

ct
an

ce
 

Wavenumber(cm
-1
)

 

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

Y 
Ax

is
 T

itle

X Axis Title

 ###

30 days

 

 

 

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

Y 
Ax

is
 T

itle

X Axis Title

 ###

15 days

  

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

Y 
Ax

is
 T

itle

X Axis Title

 ###

7 days

 

  

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

Y 
Ax

is
 T

itle

X Axis Title

 ###

3 days

 

  

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

Y 
Ax

is
 T

itle

X Axis Title

 ###

1 days

 

  

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

Y 
Ax

is
 T

itle

X Axis Title

 ###

4000 3500 3000 2500 2000 1500 1000 500

%
R

ef
le

ct
an

ce

Before

 

Wavenumber(cm
-1
)

 

X Axis Title

 ###

0 2 4 6 8 10

0

2

4

6

8

10

Y 
Ax

is
 T

itle

X Axis Title

 ###

 
 
Fig. 8: FTIR reflection spectra of Bio glass                            Fig.9: FTIR reflection Spectra of Bio glass ceramics       
          before and after SBF treatment (G-3)                                      before and after SBF treatment (GC-3) 
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Fig. 10: FTIR reflection spectra of Bio glass                            Fig.11: FTIR reflection Spectra of Bio glass ceramics         
             before and after SBF treatment (G-4)                                      before and after SBF treatment (GC-4) 
 
 
Table.3. FTIR reflection spectra of bio glass (BG) and bio glass ceramics (BGC) samples after                             
              immersed in SBF solution 

 

 

Sl.No. FTIR reflection 

spectra before 

immersed in 

SBF(cm-1) 

FTIR reflection spectra of bio glass(BG) and bio glass ceramics(BGC) samples after 

immersed in SBF solution(cm-1) 

1 day 3 days 7 days 15 days 30 days 

BG-1 455,830,1160,1340

,1610 

460,810, 

815,1352 

460,810, 

1352 

460,810,1452 460,810,1352 460,815,1340,13

52 

BGC-1 450,560,1125,1372

,1615 

555,815, 

1130,115 

555,815, 

1330,1615 

450,560,1125 450,810,815, 555,560,810,815,

1352 

BG-2 514,876,1329,1645 509,815, 

819,1362 

508,819, 

1363,1814 

509,815,1363, 509,811,815, 515,815,819,136

4 

BGC-2 455,550,1342,1612 558,814, 

816,1362 

559,817, 

1363 

558,815,1363 557,814,819, 

1362 

558,814,819,136

4 

BG-3 460,518,1327,1648 816,818, 

1354 

817,1352 816,1354 815,1353 518,1355 
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Fig. 12.Variation in pH with time periods (1 to 30 days) of bio glass samples after SBF treatment 
            at initial pH 7.4  

 

 

BGC-3 450,560,1372,1610 555,810, 

1352 

554,818, 

1354 

555,815,1351 553,810,1352 552,810,1353 

BG-4 511,877,1323,1642 814,819, 

1351 

815,819, 

1350 

816,819,1349 814,819,1350 814,819,1352 

BGC-4 450,560,1372,1610 555,810,815,1

352 

556,810,816,135

4 

555,810,815, 

1351 

555,810,817, 

1354 

555,811,815,135

5 
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Fig. 13.Variation of pH with time periods (1 to 30 days) of bio glass ceramic samples after SBF 
            treatment at initial pH 7.4 

                
 

 

                   
 
Fig.14. (A, B, C, D) SEM micrograph of the bioglass–ceramic sample No.(1-4) before the immersion in   the SBF solution  
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Fig.15. (A, B, C, D) SEM micrograph of the bio glass–ceramic sample No.(1-4) after  
             immersion in the SBF solution 

 
known to consist of both the residual glassy phase and 
crystallization phases. The corrosion of such glass and 
glass-ceramics can be explained by considering both 
phases. The degradation of  (ß-Ca2P2O7) in distilled 
water has been studied by Lin et al. and reported that 
calcium metaphosphate is extremely insoluble in 
aqueous solvent, even in acidified aqueous media. On 
the other hand NaPO3 and    ( Na4Ca(PO4)6  ) were 
reported to dissolve easily in aqueous media.  
→P-O-P← 
→P--O— -Na+ 
→P-O—Ca++-O—P← 
From the above structure it can be seen that the divalent 
cation formed ionic cross link between the non bridging 
oxygen of two different chains .The formation of such 
cross-links explain the quite high durability of calcium 
compound than sodium compound .similarly 
tetravalent cations found crosslink between the non-
bridging oxygen of four different chains, the formation 
of such cross link explain the quite high durability of 
tetravalent cations. Thus with increasing of zirconium 
ions pH of the solution decreases as shown in fig 12 and 
13 .Thus decreasing the pH of the solution indicates that 
chemical durability of glasses and their ceramic 

derivative increases  with increasing concentration of 
ZrO2 content. 

3.6. SCANNING ELECTRON MICROSCOPE 

(SEM)BIOGLASS SAMPLES BEFORE SBF TREATMENT 

Fig. 14(A, B, C, D) shows the micrographs of the 
phosphate bio glass–ceramic samples. The 
morphological structure varies with the composition of 
the samples. All the samples show almost complete 
crystallization. The glass–ceramic sample No.1 shows 
rounded crystals of the different diameters. Increasing 
the ZrO2 content from 1-3% causes gradual decrease in 
the dimension of the crystals as shown in sample No. 
(2-4) 

3.7. SCANNING ELECTRON MICROSCOPE (SEM) OF 

BIOGLASS SAMPLES AFTER SBF TREATMENT 

Fig. 15(A, B, C, D) shows the micrographs of the 
phosphate bioglass ceramic samples after immersion in 
SBF for 7 days at 37.8 OC. The different shapes of 
crystals were formed on all samples after immersion in 
the SBF solution for 7 days. Irregular spherical growths 
were observed on the surface of Glass No.1 while ball-

like growths were presented on the surfaces of glass 

A B 

C D 

10µm 

10µm 10µm 

10µm 
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sample No.2 .While cotton-like growths were formed in 
the surfaces of glass sample No. 3 however the scanning 
electron micrograph of glass sample No. 4 showed that 
the large cotton-like growths formed as ball-like texture. 

4. CONCLUSIONS: 

The density and compressive strength of bio-glass 
ceramics increases with increasing the concentration of 
ZrO2 in the place of Na2O.The differential thermal 
analysis (DTA) curves of bioactive glasses revels that 
both glass transition and crystallization temperature 
increases with increasing of ZrO2 content. The X-ray 
diffraction (XRD) patterns of the bioactive glass-
ceramics shows main crystalline phase is calcium 
pyrophosphate ,the other crystalline phases are sodium 
pyrophosphate, calcium phosphate, sodium meta 
phosphate, and sodium calcium metaphosphate and 
sodium zirconium phosphate. The FTIR reflectance 
spectra show that at 550-620 cm-1 P-O Bend-Crystalline 
phase is the bioactive ß –Ca2P2O7   . The dimension of 
the crystal sizes decreases gradually with increasing the 
ZrO2 content after confirmed by SEM analysis.  
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