






1034 Stábile & Volzone Materials Research

Figure 4. SEM and EDAX of L30Bg70 glass ceramic before (a
0
) and after 6 (a

1
) and 25 (a

2
) days of immersion in SBF.

more noticeable. The layer of L40Bg60 and L50Bg50 glass-
ceramics after 25 days of immersion had a lot of outbound 
apatite particles and the layer was very rough. Again, the 
layer was only found in some places for both specimens. In 

all cases, Ca/P ratios of hydroxyapatite particles and layer 
were in the range of 1.39-1.58 which indicated the presence 
of Ca-deficient apatite. This was an important fact since the 
Ca/P ratio of bone tissue is below 1.6723,24.



2014; 17(4) 1035Bioactivity of Leucite Containing Glass-ceramics Using Natural Raw Materials

Figure 5. SEM and EDAX of L40Bg60 glass ceramic before (b
0
) and after 6 (b

1
) and 25 (b

2
) days of immersion in SBF.

4. Discussion

Thermal treatments applied to each glass caused the 
formation of sintered glass-ceramics. In all cases, the 
crystallized phases were Na

2
CaSi

2
O

6
), Na

2
Ca

4
(PO

4
)

2
SiO

4
, 

both developed after thermal treatment of Bioglass12,13 
and KAlSi

2
O

6
. Leucite formation was possible by 

treating the glass in powder form, which activated the 
surface crystallization mechanism of the aluminosilicate 
phase25. Sodium calcium silicate was formed by surface 
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Figure 6. SEM and EDAX of L50Bg50 glass ceramic before (c
0
) and after 6 (c

1
) and 25 (c

2
) days of immersion in SBF.

but not by volume mechanism. The small particle size 
of precursor glasses promoted surface over volume 
crystallization26. Detection of the silicate phase by XRD 
on the surfaces of all samples, which was not hindered 

by the surface crystallization of leucite, demonstrated this 
fact. Nevertheless, silicorhenanite was indeed obstructed 
by surface crystallization, as its diffraction peaks were 
not detectable in glass-ceramics disks. As it was expected, 
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amounts of leucite and sodium calcium silicate decreased 
and increased respectively with the quantity of Bioglass 
in the mix.

All samples demonstrated bioactive behavior after 
6 days of contact with simulated body fluid in both powdered 
and sintered disk forms. A well former apatite layer was 
crystallized in all glass-ceramics in powder form, as it was 
shown by FTIR. Apatite layer was possible to be detected 
by SEM at the 6th day in all sintered samples. This layer 
in L30Bg70 was not thick enough to be detected by X-ray 
diffraction. A well-formed and thick enough layer was 
crystallized on the surface of L30Bg70 glass-ceramic after 
25 days of immersion, as it was found by X-ray diffraction. 
L30Bg70 had the highest amount of sodium calcium silicate, 
which was dissolved in contact with SBF and contributed 
to the HCA formation13, and the lowest amount of non-
bioactive leucite of all samples, which could explain its 
good bioactive behavior. The apatite layer in L40Bg60 and 
L50Bg50 was not present in all surface after 6 and 25 days 
of immersion, because it had peeled off, due to the quantity 
of non-bioactive leucite27 and it was only found in some 
places. That is why the HCA layer was not detected by XRD 

because it was absent in most of the surface. Nevertheless, 
this layer was present close to the edge of the disks.

5. Conclusions
Bioactive glass-ceramics containing leucite, sodium 

calcium silicate and silicorhenanite could be obtained 
using natural raw materials such as quartz and potassium 
feldspar as part of starting components. The apatite layer 
on the L30Bg70 (L/Bg=0.43) glass-ceramic disk was well-
formed and it was the most bioactive sample. However, 
the apatite layer was not well-adhered to the surface of the 
disks because of the higher quantity of leucite in L40Bg60 
(L/Bg=0.66) and L50Bg50 (L/Bg=1.00) glass-ceramics. 
Further studies have to be done to evaluate the possible 
applications of these new types of bioactive materials.
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