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bstract

he influence of varying the CaO/MgO ratio on the structure and thermal properties of CaO–MgO–SiO2–P2O5–CaF2 glasses was studied in a
eries of eight glass compositions in the glass forming region of diopside (CaMgSi2O6)–fluorapatite [Ca5(PO4)3F]–wollastonite (CaSiO3) ternary
ystem. The melt-quenched glasses were characterized for their structure by infrared spectroscopy (FTIR) and magic angle spinning (MAS)-
uclear magnetic resonance (NMR) spectroscopy. Silicon is predominantly present as Q2 (Si) species, while phosphorus tends to coordinate in
rthophosphate environment. The sintering and crystallization parameters of the glasses were obtained from differential thermal analysis (DTA)
hile crystalline phase fractions in the sintered glass–ceramics were analyzed by X-ray diffraction adjoined with Rietveld refinement. Diopside,

uorapatite, wollastonite and pseudowollastonite crystallized as the main crystalline phases in all the glass–ceramics with their content varying
ith respect to variation in CaO/MgO ratio in glasses. The implications of structure and sintering behaviour of glasses on their bioactivity were
iscussed.
ublished by Elsevier Ltd.
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.  Introduction

The concept of bioactive ceramics was introduced by Hench
t al.1 This led to a standard definition of bioactivity, “a bioactive
aterial is the one which elicit a special response on its surface
hen in contact with biological fluids, leading to strong bonding

o living tissue”.1 In the field of bone engineering, bioactivity is
efined as the ability of a material to bond to bone tissue via  the
ormation of a bone-like hydroxyapatite layer on its surface.2

ioactive materials have been classified in two different sets
amely, ‘Class A’ and ‘Class B’. Class A bioactivity is ‘the pro-
ess whereby a biological surface is colonized by osteogenic
tem cells free in the defect environment as a result of surgi-

al intervention’. An extra- as well as intracellular response is
licited by a ‘Class A’ bioactive material at the interface. Such
aterials are said to be osteoproductive. ‘Class B’ bioactivity is

∗ Corresponding author. Tel.: +351 234 370242; fax: +351 234 370204.
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 bioinductive pathway that allows bone to grow along it, thus,
he material only exhibits an extracellular response at the inter-
ace. Such materials are known as osteoconductive.2 Bioactive
lasses and glass–ceramics are typical examples of ‘Class A’
iomaterials.

A paradigm shift is taking place in the field of biomateri-
ls from using synthetic implants and tissue grafts to a tissue
ngineering approach that uses porous material scaffolds inte-
rated with biological cells or molecules to regenerate tissues.3

herefore, this new paradigm requires scaffolds that balance
emporary mechanical function with mass transport to aid bio-
ogical delivery and tissue regeneration in three dimensions
3D).4 Further, when using a synthetic scaffold, its use should
e as short lived as possible; at the same time the scaffold must
aintain its viability and integrity long enough for the cells to

roduce their own extracellular matrix. Therefore, a major con-
ideration when designing a scaffold for tissue engineering is

he scaffold material.

Bioactive glass–ceramics are ideal materials for scaffold
abrication owing to their ease of processing, good sinter-
ng ability and mechanical strength and high bioactivity.5–8

http://www.sciencedirect.com/science/journal/09552219
dx.doi.org/10.1016/j.jeurceramsoc.2011.10.041
mailto:ashutosh.goel@pnnl.gov
mailto:jmf@ua.pt
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he glass–ceramics in the diopside (CaMgSi2O6)–fluorapatite
Ca5(PO4)3F]–wollastonite (CaSiO3) system are potential
andidates for scaffold fabrication for bone tissue engi-
eering. Shibuya et al.9 developed non-alkali-containing
iopside–fluorapatite–wollastonite bioactive glass–ceramics for
eplacement materials for tooth roots, dental crowns and
ones. Similarly, Salman et al.10 studied the in  vitro  bioactiv-
ty of diopside–fluorapatite–wollastonite–sodium silicate-based
lass–ceramics by immersion in simulated body fluid. The
s-prepared and investigated glass–ceramics exhibited excel-
ent bioactivity and were proposed to be suitable for
estorative dental and bone implants materials. Recently,
ansal et al.5 investigated the structural and thermal
ehaviour of diopside–fluorapatite–wollastonite based glasses
nd glass–ceramics with varying CaO/SiO2 and CaF2/P2O5
atios, respectively.

The present study aims at investigating the sinter-
ng behaviour of glasses designed in ternary system
f diopside–fluorapatite–wollastonite with varying diop-
ide/wollastonite ratio while maintaining constant fluorapatite
ontent (20 wt.%). The parent glass–ceramic composition in
his study (i.e. 80% diopside–20% fluorapatite) derives from
ur previous investigation pertaining to diopside–fluorapatite
lass–ceramics11 where the potential of this composition in
one tissue engineering has been successfully demonstrated.
herefore, this study is an attempt to improve the sintering
bility and bioactivity of these glass–ceramics by substituting
iopside with wollastonite. Although, diopside12,13 as well as
ollastonite14,15 are proven biomaterials but still substituting
iopside with wollastonite is expected to enhance the bioac-
ivity of resultant glass–ceramics owing to the high chemical
egradability of latter.15 It should be noted that this paper will
ocus only on the structure and thermal properties of these
lasses while the biological studies on these glasses and resul-
ant glass–ceramics will be reported in our forthcoming article.
able 1 presents the compositions of the investigated glasses.
s is evident from Table 1, varying diopside/wollastonite ratio

n glasses basically varies the MgO/CaO ratio in glasses. There-
ore, further discussion of results pertaining to characterization
f glasses will be based on the increase in CaO/MgO ratio
n glasses corresponding to increasing wollastonite/diopside
atio.

. Experimental

.1.  Synthesis  of  glasses

A series of glass compositions in the system
CaMgSi2O6]80 − x [Ca5(PO4)3F]20–[CaSiO3]x (x  = 10–80
t.%) have been prepared with varying diopside/wollastonite

atios by melt-quenching technique. The glass compositions
ere labelled in accordance with the wollastonite contents in
lasses i.e. W-10 (corresponds to 10% wollastonite), W-20

corresponds to 20% wollastonite), etc. High purity powders of
iO2 (purity > 99.5%), CaCO3 (>99.5%), MgCO3 (BDH Chem-

cals Ltd., UK, purity > 99.0%), NH4H2PO4 (Sigma–Aldrich,
ermany, >99.0%) and CaF2 (Sigma–Aldrich, Germany,

n
(
d
a

eramic Society 32 (2012) 2739–2746

25 mesh, >99.9%) were used. Homogeneous mixtures of
atches (∼100 g), obtained by ball milling, were preheated at
00 ◦C for 1 h for calcination and then melted in Pt crucibles
t 1590 ◦C for 1–2 h, depending on glass composition. The
lasses were obtained in frit form by quenching of glass melts
n cold water while the monolithic glasses were obtained by
ouring of glass melt on a metallic mould and annealing at
00 ◦C for 1 h. The dried frits were milled to achieve fine glass
owders with mean particle sizes of ∼10–20 �m (determined by
ight scattering technique; Coulter LS 230, Beckman Coulter,
ullerton CA; Fraunhofer optical model). The amorphous
ature of glasses was confirmed by X-ray diffraction (XRD)
nalysis (Rigaku Geigerflex D/Max, Tokyo, Japan; C Series;
u-K� radiation; 2θ  angle range 10–60◦; step 0.02◦ s−1).

.2. Structural  characterization

.2.1.  Infrared  spectroscopy
Infrared spectra of the glasses were obtained using an Infrared

ourier spectrometer (FTIR, model Mattson Galaxy S-7000,
SA). For this purpose glass powders were mixed with KBr

n the proportion of 1/150 (by weight) and pressed into a pel-
et using a hand press. 64 scans for background and 64 scans
er sample were made with signal gain 1. The resolution was

 cm−1.

.2.2.  Magic  angle  spinning  (MAS)-nuclear  magnetic
esonance (NMR)  spectroscopy

The 29Si MAS-NMR spectra were recorded on a Bruker
SX 400 spectrometer operating at 79.52 MHz (9.4 T) using

 7 mm probe at a spinning rate of 5 kHz. The pulse length was
 �s and 60 s delay time was used. Kaolinite was used as the
hemical shift reference. The 31P MAS-NMR spectra of glasses
ere recorded on a Bruker ASX 400 spectrometer operating at
61.97 MHz with 45◦ pulses, spinning rates of 12 kHz, a 60 s
ecycle delay and the chemical shift was quoted in ppm from
hosphoric acid (85%).

.3.  Thermal  analysis

The differential thermal analysis (DTA-TG, Setaram Lab-
ys, Setaram Instrumentation, Caluire, France) of glass powders
as carried out in air from room temperature to 1000 ◦C at
ifferent heating rates (β) of 10 K min−1. The glass powders
mean particle size: 10–20 �m) weighing 50 mg were contained
n an alumina crucible and the reference material was �-alumina
owder.

.4. Crystallization  of  glass  powder  compacts

Round shaped pellets with 20 mm diameter and ∼3 mm thick-

ess were prepared from fine glass powder by uniaxial pressing
80 MPa). The samples were sintered under non-isothermal con-
itions (β  = 5 K min−1) at 850 ◦C for 1 h in a box furnace in
ir.
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Table 1
Composition of glasses.

Glass CaO MgO SiO2 P2O5 CaF2

W-10 Wt.% 32.96 13.03 44.02 8.44 1.55
Mol.% 34.12 18.76 42.52 3.45 1.15

W-20 Wt.% 35.20 11.17 43.64 8.44 1.55
Mol.% 36.70 16.20 42.46 3.48 1.16

W-30 Wt.% 37.44 9.31 43.26 8.44 1.55
Mol.% 39.32 13.60 42.41 3.50 1.17

W-40 Wt.% 39.68 7.44 42.89 8.44 1.55
Mol.% 39.68 10.96 42.35 3.53 1.18

W-50 Wt.% 41.91 5.58 42.51 8.44 1.55
Mol.% 44.68 8.28 42.29 3.56 1.19

W-60 Wt.% 44.15 3.72 42.13 8.44 1.55
Mol.% 47.42 5.56 42.24 3.58 1.19

W-70 Wt.% 46.39 1.86 41.76 8.44 1.55
Mol.% 50.21 2.80 42.18 3.61 1.20

W-80 Wt.% 48.63 0.00 41.38 8.44 1.55
0.00
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Mol.% 53.03 

.5.  Crystalline  phase  analysis  and  microstructure  of
lass–ceramics

The qualitative and quantitative analysis of crystalline phases
n the glass–ceramics (crushed to particle size <63 �m) were
etermined by XRD analysis using a conventional Bragg-
rentano diffractometer (Philips PW 3710, Eindhoven, The
etherlands) with Ni-filtered Cu-K� radiation. The quantitative
hase analysis of the glass–ceramics was made by combined
ietveld-R.I.R (reference intensity ratio) method. A 10 wt.% of
orundum (NIST SRM 676a) was added to all the glass–ceramic
amples as an internal standard. The mixtures, ground in an agate
ortar, were side loaded in aluminium flat holder in order to min-

mize the preferred orientation problems. Data were recorded in
θ range = 5–115◦ (step size 0.02◦ and 50 s of counting time
or each step). The phase fractions were extracted by Rietveld-
.I.R refinements using the software TOPAS 3 (Bruker AXS,
arlsruhe, Germany) and were rescaled on the basis of the abso-

ute weight of corundum originally added to their mixtures as
n internal standard, and therefore, internally renormalized.

Microstructural observations were done on polished (mirror
nishing) glass–ceramics, and from the surface of unpolished
lasses. The as obtained glass and the etched glass–ceramic
amples (by immersion in 2 vol.% HF solution for a dura-
ion of 2 min and washing with distilled water in order to
top the etching process and avoid the fluorides formation)
ere observed by scanning electron microscopy (SEM; SU-
0, Hitachi) with energy dispersive spectroscopy (EDS; Bruker
uantax, Germany) to study the distribution of elements in the

rystals.

. Results  and  discussion

.1.  Structure  of  glasses
The bioactive properties of phosphosilicate glasses depend
n the presence of large amounts of network modifying cations,
hose charge balance is achieved by breaking Si–O–Si bridges

b
(
t

 42.12 3.64 1.21

nd creating corresponding high concentrations of nonbridg-
ng oxygen (NBO) atoms, and thus a significant fragmentation
f the silicate network. Indeed, experimental16 and simulation
ata17 show that the bulk structure of common melt-derived
ioactive compositions is dominated by interconnected chains
f Q2 silicate tetrahedra [Qn notation denotes a tetrahedron with

 bridging oxygens (BOs)] and predominantly isolated phos-
hate groups. Therefore, undoubtedly, the molecular structure
f glasses plays a crucial role in deciding their bioactivity and
nderstanding these details allows designing new glasses with
mproved chemical durability and tailored biodegradability for
pecific applications.

Magnesium is involved in over 300 chemical reactions in the
ody and is known to activate phagocytosis and regulate active
alcium transport.18 It is due to this reason that it has been often
ncorporated into bioactive glasses.5,19–25 However, the struc-
ural role of magnesium in bioactive glasses is still ambiguous
wing to the lack of information on its local environment. For
xample: MgO is considered to behave like CaO (i.e. network
odifier), within a silicate glass structure but its elemental prop-

rties such as charge to size ratio and Pauling electronegativity
uggest that Mg2+ falls on the boundary between being a network
odifier and an intermediate oxide. Also, there are evidences
hich exhibit that MgO may act as intermediate oxide in highly
isrupted silicate glasses from the extension of the glass forming
egion in ternary diagrams towards lower SiO2 mole fractions.26

imilar observations have been reported by Watts et al.27

In the present study, the room temperature FTIR transmit-
ance spectra of all the investigated glasses (Fig. 1) exhibit three
road transmittance bands in the region of 300–1500 cm−1. This
ack of sharp features is indicative of the general disorder in the
ilicate and phosphate network mainly due to a wide distribu-
ion of Qn units occurring in these glasses. The most intense
ands in the 800–1300 cm−1 region correspond to the stretch-
ng vibrations of the SiO tetrahedron with a different number of
4
ridging oxygen atoms.28 Further, in all the glasses, this region
i.e. 800–1300 cm−1) is split in two transmittance bands cen-
red at ∼1040 cm−1 and ∼920 cm−1. The high frequency band
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Fig. 1. FTIR spectra of the investigated glasses.

an be assigned to the Si–O asymmetric stretching mode of BOs,
hereas the ∼920 cm−1 may be attributed to the Si–O asymmet-

ic stretching mode of the non-bridging oxygens (NBOs).29,30

urthermore, the 510 cm−1 band can be attributed to Si–O–Si
ending modes,29 while the weak 740 cm−1 shoulder may be due
o Si–O–Si symmetric stretching with simultaneous Si cation

otions.31 It is noteworthy that the high frequency band at
040 cm−1 may also be assigned to the asymmetric stretching
f PO4 units which has been reported to appear in crystalline
uorapatite at 1038 cm−1.32 No significant differences in the

nfrared spectra of the investigated glasses could be observed
hus depicting that varying CaO/MgO ratio in glasses did not
ffect the structure of glasses substantially.

In agreement with FTIR studies, the 29Si MAS-NMR spectra
or all the investigated glasses (Fig. 2a) depict the dominance
f Q2 (Si) structural units in the glasses.16 Further, only slight
hift in the peak positions of spectra could be observed and
ll the spectra are centred between −82.2 ppm and −82.9 ppm,
hus depicting no significant changes in the silicon coordina-
ion in glass structure. Similar results have been reported by
alliano et al.33 where it has been shown that the type and dis-

ribution of silicate units in an alkaline-earth phosphosilicate
lass does not depend on the nature of the alkaline-earth cations

34
resent in the system. It has been well documented in literature
hat depending on the glass composition and experimental tech-
iques employed to synthesize the glass, Mg has been found to

c
a
r

ig. 2. (a) 29Si MAS-NMR spectra and (b) 31P MAS-NMR spectra of investi-
ated glasses.

xist in 4–5- and 6-fold coordination. Recently, Pedone et al.34

tudied the influence of varying CaO/MgO ratio on the structure
f 45S5 Bioglass® using computation models and discussed
ts further implications on the bioactivity of the glass. It was

oncluded that varying CaO/MgO ratio does not affect the over-
ll network connectivity of the glass and the number of NBOs
emain unchanged; although, the higher field strength of Mg with
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the investigated glasses. The higher values of �T  correspond to
delay in nucleation and thus, provide wider processing window

Table 2
Thermal parameters (◦C) of glasses as obtained from DTA.

Glass Tg Tc Tp �T

W-10 735 880 915 145
W-20 743 884 916 141
W-30 740 885 915 145
W-40 745 882 910 137
W-50 750 884 910 134
ig. 3. DTA thermographs of the investigated glasses at heating rate 10 K min−1.

espect to Ca provides for the former a sufficient driving force
o rearrange the SiO4 tetrahedra in such a way that only NBOs
elonging to different tetrahedral coordinate with Mg ions.

The 31P MAS-NMR spectra of all the glasses show a predom-
nance of an orthophosphate-type environment (Fig. 1b). In fact,
he observed chemical shifts, 1–3 ppm, are close to that of the
alcium orthophosphate (3.1 ppm) and that of the amorphous
agnesium orthophosphate (ca.  0.5 ppm).16 These results are

n good co-relation with those reported by Lusvardi et al.35 and
inati e al.36 for the 45S5 glass where it has been deduced a

raction of orthophosphate units of ∼82% while the rest might
e comprised meta- or pyrophosphates. Furthermore, the pres-
nce of fluorine in the phospho-silicate glass network is known to
nduce significant changes in the local oxygen environment since
he donor ability of fluoride is weaker in comparison to oxide,

aking the possibility of Si–F formation, unlikely. Therefore,
nder such conditions, fluoride remains predominantly in ionic
tate and prefers to form ionic bonds with metal cations (Ca and

g in present study), thus avoiding the de-polymerization of
ilicate glass network and forcing phosphate groups to link with
ilicate groups, leading to higher glass connectivity,35 which
ight hamper their bioactivity. However, it is noteworthy that,

n the present case, the possibility of formation Si–O–P bonds
s low if not negligible. In fact, according to the NMR results,
hosphate groups are not part of the actual glass network back-
one.
.2. Thermal  behaviour  of  glasses

The DTA plots of glass powders, shown in Fig. 3, feature an
ndothermic dip corresponding to glass transition temperature

W
W
W

ig. 4. Influence of CaO/MgO ratio (wollastonite content) on different thermal
arameters of glasses as obtained from DTA.

Tg) before the onset of crystallization (Tc) and a well-defined
ingle exothermic crystallization curve. The presence of sin-
le crystallization exotherm anticipates that the glass–ceramic
s formed either as a result of single phase crystallization or
f an almost simultaneous precipitation of different crystalline
hases. Fig. 4 and Table 2 present the variation in Tg, Tc and peak
emperature of crystallization (Tp) with increasing wollastonite
ontent in glasses (or increasing CaO/MgO ratio in glasses).
n an average, Tg shifted towards higher values with increas-

ng CaO/MgO ratio in glasses. Although, the Si Qn distribution
f the investigated glasses is very similar, it has been reported
hat varying CaO/MgO ratio drastically affects the topology of
ings in glasses.34 This trend may be explained on the basis of
igher field strength of MgO due to which the replacement of
g2+ by Ca2+ favours the formation of smaller rings in silica
atrix thus, affecting the connectivity between the SiO4 tetra-

edra. This is also a key feature for lowering melt viscosities of
g-containing silicate glasses.37 Further, no significant varia-

ions in the values of Tc (880 ±  6 ◦C) and Tp (809 ±  6 ◦C) were
bserved with varying CaO/MgO ratio in glasses (Fig. 4).

With respect to the sintering ability of glasses, Fig. 4 presents
he variation in thermal stability parameter �T  (= T −  T ) for all
-60 760 871 900 111
-70 756 880 905 124
-80 776 870 900 94
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in glasses until glass composition W-50 while further increase
in CaO/MgO ratio in glasses again led to an increase in

Fig. 6. X-ray diffractograms of glass powder compacts after sintering at 850 ◦C
for 1 h. 10 wt.% corundum (Al2O3) has been added in the glass–ceramic powders
Fig. 5. SEM images of glass–ceramics (a) W-10, (b) W

or a glass composition to attain maximum densification. In the
resent study, increasing calcium content in glasses decreases
he value of �T, thus implying towards degradation in sinter-
ng behaviour of glasses. However, in any case, the value of

T obtained for all the investigated glasses is high enough to
elp the glass powders attain good densification during sinter-
ng. These observations are in good agreement with the results of
aramanov and Pelino38 where it has been reported that wollas-

onite based glass–ceramics possess lower mechanical strength
n comparison to diopside based glass–ceramics. It is worth men-
ioning that the detailed analysis of mechanical properties of the
nvestigated GCs will be presented in our forthcoming article.

In accordance with DTA results, well sintered glass–ceramics
ere obtained after sintering of glass powders at 850 ◦C for 1 h.
s is evident from Fig. 6, the XRD results reveal the presence of
iopside (CaMgSi2O6; ICDD card: 01-078-1390), fluorapatite
Ca5(PO4)3F; ICSD: 01-071-3848], wollastonite 2 M (CaSiO3;
CSD: 20589) and pseudowollastonite (CaSiO3; ICSD: 87694)
s the only crystalline phases in all the glass–ceramics except
omposition W-80 which is free from diopside. Fig. 7 presents
he quantitative analysis of variation in crystalline/amorphous
ontent in all the investigated glass–ceramics with respect to
heir wollastonite content while Fig. 8 shows the fit of a measured
RD pattern of a sintered glass–ceramic by using the TOPAS

oftware. The fitting to the measured X-ray diagram has been
erformed by a least-square calculation. The calculated diagram
Fig. 8) is based on crystallographic structure models, which
lso take into account specific instrument and sample effects.
he parameters of this model have been refined simultaneously

sing least-squares methods in order to obtain the best fit to all
easured data. The difference plot in Fig. 8 does not show any

ignificant misfits. The differences between the main peaks of

a
s
t
n

c) W-70 and (d) W-80 after sintering at 850 ◦C for 1 h.

iopside, fluorapatite, wollastonite and pseudowollastonite are
aused by adjustment difficulties based on the crystallinity of
he phases.

As is evident from Fig. 8, the starting glass composition
W-10) comprises mainly of residual amorphous glassy phase
∼60 wt.%) which decreased with increasing CaO/MgO ratio
s an internal standard for quantitative analysis. The phase reflections corre-
ponding to Al2O3 have not been marked. Also, phase reflections corresponding
o pseudowollastonite (CaSiO3; ICSD: 87694) have not be marked as we could
ot obtain a PDF card for the same.
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ig. 7. Plot depicting the variation in crystalline/amorphous ratio of
lass–ceramics with respect to CaO/MgO ratio (wollastonite content) as cal-
ulated from Rietveld refinement of XRD data.

morphous content in glass–ceramics. The residual glassy
hase in glass–ceramics is of crucial importance as it con-
rols the apatite forming ability of glass–ceramics39,40 and the
lass–ceramic may turn bio-inert if residual glassy phase is in
ow amount (<5 wt.%). Thus, the design of glass–ceramic com-
ositions needs to be such that equilibrium is achieved in the
idst of biological and mechanical properties of the final mate-

ial. In the present investigation, the amount of residual glassy
hase is high enough to render good bioactivity to resultant GC
aterial.
The microstructure of glass–ceramics as observed by SEM

Fig. 5) is in good agreement with XRD results. The SEM
mages of glass–ceramics W-10 and W-20 exhibit highly dense

icrostructure (Fig. 5a and b) implying towards good sinter-

ng behaviour of glass–ceramics. Although, the glass–ceramic
ompositions W-70 and W-80 possess almost similar or even
igher amount of residual glassy phase than W-10, still the

ig. 8. Observed (black), calculated (red) and difference (blue) curves from the
ietveld refinement of GC W-20. (For interpretation of the references to color

n this figure legend, the reader is referred to the web version of this article.)
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egradation in sintering ability of these glass compositions
ay be attributed to the variation in the amount of porosity in

hese glass–ceramics owing to their different nature and amount
f crystalline content. According to Karamanov and Pelino,38

oth diopside as well as wollastonite based glass–ceramics
ossess good sintering ability. However, due to crystallization
olume fraction of diopside and wollastonite, intragranular crys-
allization induced porosity is formed in these glass–ceramics
hich affects the sintering ability of these glass–ceramics, thus

esulting in poor mechanical strength of wollastonite based com-
ositions. This explanation is concurrent with the microstructure
f glass–ceramics W-70 (Fig. 5c) and W-80 (Fig. 5d), respec-
ively.

. Conclusions

The influence of varying CaO/MgO ratio on the
tructure, sintering and crystallization behaviour of
iopside–fluorapatite–wollastonite based glasses and
lass–ceramics has been investigated. The variation in
aO/MgO ratio on glasses did not exhibit any significant effect
n the structure of glasses with Si predominantly present in
2 units while phosphate is coordinated in orthophosphate

nvironment. With respect to thermal behaviour of glasses,
eat treatment of glass powders at 850 ◦C for 1 h resulted
n well sintered glass–ceramics with diopside, fluorapatite,
ollastonite and pseudowollastonite as the crystalline phases.

ncreasing CaO/MgO ratio in glasses degraded their sintering
ehaviour and resulted in different amorphous/crystalline
atio in resultant glass–ceramics with the glass–ceramic W-10
nd W-80 exhibiting the highest amount of residual glassy
hase which is appropriate for a material to show good
ioactivity.

It should be mentioned here that it is crucial to analyze
he bioactive behaviour and mechanical properties of these
lass–ceramics so as to prove their efficacy as potential mate-
ials for application in human biomedicine. This will form the
asis of our forthcoming study.
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