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Abstract New types of tellurite glass ceramics were pre-
pared and studied from the viewpoint of bioactivity. The
obtained results were compared with those of silicate glass
ceramics. The crystallization behaviors of both silicate and
tellurite glass ceramics with equal ratio of CaO/P2O5 were
investigated. The silicate glass samples were transformed
to glass ceramics by a thermal treatment process. While
the tellurite glass ceramics were directly obtained with-
out any thermal treatment. The microstructure of these
materials was characterized by X-ray diffraction (XRD),
Fourier transform infrared absorption spectroscopy (FTIR)
and a scanning electron microscope (SEM) equipped with
an energy dispersive spectrometer (SEM/EDX). The results
revealed clear proof that TeO2 promoted the nucleation
and crystallization processes which led to the formation of
different crystalline bio-phases. While the silicate glasses
showed a much lower degree of crystallinity than that
presented by the tellurite glass ceramics. The crystals of tel-
lurite containing glass were needle- like morphology, which
is attributed to the one-dimensional rapid growth of the
apatite-tellurite phase. On the other hand, a particle-like
morphology is shown in the silicate glass matrix. Bioactivity
of the glasses in simulated body fluids (SBF) was investi-
gated. Tellurite containing glass ceramics showed a better
bioactivity during the in vitro test than that of the silicate
one. This was attributed to a great analogous between the
morphology of crystals of tellurite glass and the morphol-
ogy of hydroxyapatite in human bone, since both possess a
needle-like morphology.
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1 Introduction

Hydroxyapatite (HA) is usually reported as the most
promising material for clinical use [1, 2]. However, the poor
mechanical properties of (HA) compared to natural bone is
considered the most importunate factor that prevents HA to
be used for wider applications, especially for load-bearing
implants [3, 4]. On the other hand, bioactive glasses and
glass ceramics have been reported to be used as bone graft
or fillers. This may due to their ability to form a direct bond
to living bone [5, 6].

Addition of fluorides, for example LiF, ZnF2, NaF and
CaF2 were studied previously by full replacement of silica
by borate in the patented Hench’s bioglass [14]. Borate glasses
have been used in various biomedical applications despite
the fact of their low chemical durability [7, 8]. Borate
composition as a biomedical material when immersed in
phosphate solutions, particles of borate glass were generally
dissolved and a layer of hydroxyapatite is precipitated [7, 8].

Bioactive silicate glass-ceramics were reported to be of
great importance from the viewpoint of biomedical applica-
tions [7], since bonding to bone by using some of poly-
crystalline silicate glass ceramics was reported previously
[8]. On the other hand, the development of new biomate-
rials has recently concentrated on silica free glasses [9].
This may be because apatite phases (bioactive mineral
phase) in silicate glasses were hardly crystallized by pro-
moting adequate conditions such as a heat treatment process
and /or adding some activator agents [10–12]. As a result,
precipitation of apatite crystals in the as-prepared silicate
network were found to be limited [13]. But on the other
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hand, silica free glasses such as tellurite and tellurosili-
cate glasses with specific CaO/P2O5 molar ratio exhibits a
high tendency for crystallization. The ceramic glasses in this
situation were found to contain bioactive phases of compo-
sition and structure resembling that of natural bone tissues
[14].

Considerable interest of apatite based glass ceram-
ics has extended for orthopedic and dental applications
[1–4]. This is because the biocompatibility and bone bond-
ing ability of these materials resulting in the growth of
healthy tissues directly on to their surfaces. Several com-
binations between apatite and other glass phases have been
proposed in order to improve the poor mechanical prop-
erties of the apatite. Among them, apatite Ca5(PO4)3 –
wollastonite (CaSiO3) or CaTeO3 have been recommended
to be used as clinically bone-repairing materials [15, 16].
In addition, fluorapatite [Ca5 (PO4)3F] - wollastonite con-
taining glass ceramics is reported as an accepted type of
glass ceramic system which is promising in biomedicine.
This type is used for joint prostheses and dental roots
[17, 18].

Most of the previous studies are concentrated on silicate
glasses as bioactive materials. Studies on tellurite glass
ceramics, according to our knowledge are limited to be
studied. Therefore, this work will concentrate on the prepa-
ration and investigation of a new category of tellurite based
glass ceramic and to compare their properties with another
category of silicate based glass. Since TeO2 was reported
to be used as an agent for crystallization of apatite and
wollastonite phases [19].

2 Materials and Methods

2.1 Preparation of the Glasses

Glasses and glass ceramics were prepared according to the
formula 50TeO2-26Na2O-21CaO-3P2O5 mol %, given a
code G1(50Te) and 50SiO2-26Na2O-21CaO-3P2O5 mol %
and given a code G2(50Si). High purity tellurium dioxide,
silicon dioxide, reagent-grade calcium carbonate, sodium
carbonate and ammonium dihydrogen phosphate were pur-
chased from Sinopharm Chemical Reagent Co. China and
are used to obtain the glass compositions. Raw materials
were mixed and melted in alumina crucibles in an elec-
trical Lenton furnace 16/5 UAF (England) at temperature
800− 1400 ◦C for 1 hour according to the type of prepared
sample. The melt was occasionally swirled to assure homo-
geneity and attainment of thermal and chemical equilibrium.

After refining, the melted glass was poured by pressing
the sample between two ceramic plates to yield disc shaped
samples. All samples prepared were homogenous, air
bubbles-free and stored in desiccators for characterization.

2.2 Scanning Electron Microscope (SEM)

Surface modifications and microstructure of the bioac-
tive glass samples were examined using a scanning elec-
tron microscope (SEM). The scanning micrographs were
obtained in a Model Philips XL 30 attached with an EDX
unit, operated at an accelerating voltage 25 KV, with a mag-
nification up to 400000X and resolution for W. (3.5 nm).
For the SEM study, the pieces were gold plated. Glass
powder having particles passing a #100 sieve (150 micron)
and retained on a #200 sieve (75 micron). All prepared
compositions were introduced in Table 1.

2.3 X-ray Diffraction (XRD)

X-ray diffraction patterns for the selected glass samples
were obtained in a Philips PW 1729 diffractometer equipped
with a compact analyzer system 1840 and 8203A/02 chart
recorder. The X-ray investigations were used to confirm the
amorphous or crystalline nature of the structure.

2.4 Fourier Transform Infrared Spectra (FTIR)

The bioglass samples were analyzed by FTIR spectroscopy
using a spectrometer Bruker FTIR. Spectra were obtained
in the wavenumber range of 4000 to 400 cm−1 at 2 cm−1

resolution. The FTIR analysis was used to characterize var-
ious functional groups, most importantly the hydroxyl and
phosphate groups. For the FTIR investigation in transmit-
tance absorption mode, the glassy specimens were grinded
to a powder, which was mixed with KBr by the ratio 1:100
in weight. The spectra obtained were corrected for the
background and dark current noises.

2.5 Preparation of Simulated Body Fluid (SBF)

The bioactivity is not only a material property but also
depends on the solution used for in vitro tests. Kokubo et al.
[20] developed a series of cellular aqueous solutions, which
are able to reproduce in vivo surface structure changes in
bioactive materials. The simulated body fluid (SBF) solu-
tion is the closest to human blood plasma that produced the
hydroxyapatite layer.

In vitro samples were performed under static conditions
soaking in cylindrical bottles with SBF solution and the
soaking time was 5 days.

Table 1 Composition of the prepared glass and glass ceramics

Composition (mol%) TeO2 SiO2 Na2O CaO P2O5

G1(50Te) 50 − 26 21 3

G2(50Si) – 50 26 21 3
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After soaking, the glass pieces were removed from the
solution by filtration, washed with de-ionized distilled water
in order to remove the soluble inorganic salts, and then dried
at room temperature.

3 Results Discussion

Figure 1(a & b) shows XRD spectrum of tellurite glass
ceramic and silicate glasses of composition 50TeO2-
26Na2O-21CaO-3P2O5 (mol %) and 50SiO2-26Na2O-21
CaO-3P2O5 (mol %), respectively. It can be realized
from Fig. 1 that the XRD pattern of TeO2 containing
glass ceramics possesses a sharp diffraction lines super-
imposed on a wide shoulder extended from 2θ = 20◦
to 35◦. The sharpness of peaks is clearly evident, indi-
cating rich crystallinity in the investigated sample. How-
ever, the pattern of the silicate glass exhibits a weak
diffraction line spectra. Broadening of the spectral peaks
reflects the poor crystallinity of the prepared silicate
glass.

The angular locations of the most peaks of the XRD
spectrum (Fig. 1b) closely match the standards which indi-
cate that the major crystalline phases are calcium tellurite
and sodium tellurite phases [21, 22]. These phases were
CaTeO3 (JCPDF 28-0243) and Na2TeO3 (JCPDF 83-1778),
in association with different calcium phosphate phases such
as Ca2P2O7 (JCPDS 9-346). These structure groups were
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Fig. 1 a X-ray diffraction (XRD) pattern of the tellurite glass ceramic
of composition (50TeO2-26Na2O-21CaO-3P2O5) mol%, coded as
G1(50Te). b (XRD) pattern of the silicate glass of composition
(50SiO2-26Na2O-21CaO-3P2O5) mol%, coded as G2(50Si)

reported to be among the most bioactive and biocompatible
phases in the matrix of the glass [23, 24].

But the dominant structure of the studied silicate glass
is amorphous in nature as reflected from the XRD pat-
tern (Fig. 1a). In terms of bioactivity, the distorted struc-
ture would lead to induced hydroxyapatite layer, differs
in some extent to the composition and structure from
that of natural bone. While crystalline biophases presented
by tellurite glasses can precipitate hydroxyapatite with a
Ca/P ratio near to that of natural bone mineral (1.67)
[25]. In this situation, however, a limited value of crys-
tallinity is found for as-prepared silicate glasses. Adequate
degree of crystallinity is enhanced by the effect of thermal
treatment, the crystallinity of treated glass is determined
quantitatively (65 %) and (90 %) for the as-prepared tel-
lurite glass ceramic. The limited crystallinity for the as-
prepared silicate ceramics leads to a limitation of both the
strength and the bioactivity of silicate containing glass.
But enhanced crystallinity of treated silicate glass and the
as-prepared tellurite glass leads to enhanced bioactivity
and mechanical properties of the materials, since the well
formed crystalline phases play the role of reactivity of the
glass [26].

Results based on scanning electron microscope (SEM),
(Fig. 2) agree well with that obtained from XRD. Both
would confirm the presence of the crystalline structure of
the studied material. SEM of the investigated sample indi-
cates that the morphology appears to consist mainly of
needles–like crystals, flattened and accumulated splats as
well as some little spheroidized and fine particles. These
tellurite crystals are present in most of the area of the inves-
tigated sample as needles–like crystals. It is noteworthy

Fig. 2 a Scanning electron microscope (SEM) pattern of the tellurite
glass of G1(50Te)
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that the morphology of the investigated telluroapatite crys-
tals resembles the morphology of those of human bone and
teeth, since the crystalline structure in both cases are needle-
like morphology [27, 28]. The latter type of structure was
reported to be the most biocompatible and bioactive [29]. It
differs from the morphology of silicate glass, where apatite
crystals exhibited a particle-like morphology (Fig. 2b).

The EDX spectrum of calcium tellurite rich phase con-
sists of many spectral bands representing Ca, Na and in Te
phases. The contents of Ca and Te in the crystalline cal-
cium tellurite phases were evaluated. The obtained atomic
ratio of Ca/Te was found to equals 1.04 (Fig. 3a). This value
represents crystalline CaTeO3 [30], since the presence of
these types was evidenced by previously by XRD. While
the EDX spectrum of Ca and P in calcium phosphate rich
phases is shown in Fig. 3b. The ratio of spectral bands rep-
resenting both Ca and P atoms were found to be around
unity (1.17) (Fig. 3b). This value characterizes crystalline
tri-calcium phosphate phases (TCP) or a mixture of both tri
and octa-calcium phosphate phases [31, 32]. These bioac-
tive phases can easily react with simulated body fluid to
produce bioactive hydroxyapatite with increased Ca/P ratio
to be nearer to value of stable bioactive HA phase, 1.67
[33].

SEM (Fig. 4) as well as XRD data indicates the amor-
phous nature of the silicate glasses. This could be confirmed
by the result based on EDX spectroscopy. The EDX spec-
trum of the glass is shown in Fig. 5a, b. It can be observed
that Si and Ca atoms are considered as the most dominant
constituent in the tested sample. The determined atomic
ratio of both Ca/Si and Ca/P are 1.09 and 7.03 respectively
(Fig. 5a, b). These values were reported to represent wollas-
tonite (CaSiO3) and pseudo apatite [Ca5(PO4)2SiO4] [34,
35]. Accordingly, apatite-wollastonite with the characteris-
tic values given above is considered to be responsible for
formation of pseudo amorphous apatite.
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Fig. 3 a Energy dispersive X-ray (Edx) pattern of the tellurite glass
ceramic of G1(50Te), Ca/Te =1.04. b Energy dispersive X-ray (Edx)
pattern of the tellurite glass ceramic of G1(50Te), Ca/P=1.17

Fig. 4 Scanning electron microscope (SEM) pattern of the silicate
glass of G2(50Si)

Figure 6a shows the Fourier transform infrared absorp-
tion spectrum (FTIR) of the investigated tellurite glass in
the 1800-400 cm−1 range. The spectrum of the prepared
pure vitreous TeO2 is also shown for comparison [19]. The
FTIR spectrum of vitreous TeO2 glass is dominated by two
absorption bands at 775 and 660 cm−1. The band at about
775 cm−1 is assigned to the Te-O vibration mode in the
symmetric equatorial TeO4 groups. While the broad non-
symmetric band at 660 cm−1 may represent axial TeO4

units. Figure 6b shows spectroscopic FTIR in which the
addition of Na2O, P2O5 and CaO to TeO2 glass affects the
obtained spectra. The band centered at 660 cm−1 in the
spectrum of vitreous TeO2 glass moves to lower wavenum-
ber 600 cm−1 in that modified tellurite glass. The weak
peaks centered at 700 and 730 cm−1 are assigned to mixed
stretching ion bending vibration of Te-O-Te bonds over-
lapped with the bending modes of the phosphate vibrations.
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Fig. 5 a Energy dispersive X-ray (Edx) pattern of the silicate glass of
G2(50Si), Ca/Si=1.09. b Energy dispersive X-ray (Edx) pattern of the
silicate glass of G1(50Te), Ca/P=7.03
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Fig. 6 a FTIR spectrum of pure vitreous TeO2. b FTIR spectrum of
the G1(50Te) glass ceramic

The band at 760 cm−1 is assigned to the Te-O vibrations in
TeO4 units [36].

It was reported previously [19] that vitreous TeO4 has
a continuous tellurite network and Te atoms are four-coor-
dinated. Addition of modifiers Na2O and CaO leads to an
openness of the glass structure through transformation of
TeO4 units to TeO3 ones. Disintegration of TeO4 rings will
result in increasing the average atomic ring size through
decreasing connectivity (transformation of TeO4 to TeO3).
The disintegration of TeO4 rings may be considered as
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Fig. 7 X-ray diffraction (XRD) patterns of the tellurite glass ceramic
of composition before and after soaking in SBF for different time
intervals (a) to (g)

the main reason of broadening of this band. The typical
phosphate P-O stretching vibration modes in the crystalline
calcium phosphate (apatite) phase are appear around 1048-
1097 cm−1 [37, 38]. Moreover, the peaks around 505-455
cm−1 may reflect the formation of the crystalline apatite
[39]. The high frequency bands between 1300 and 1700
cm−1 are assigned to segregation and separation of Ca-P
phases deposited on the amorphous apatite. Spectral bands
between 1456 and 1481 cm−1 are reported to be due to
distribution of different phosphate sites that depend on
nucleation, segregation and formation of apatite crystals
[40, 41] which was documented (as discussed previously)
by both the XRD and EDX spectra of the investigated tel-
luride glass. The enhanced crystal’s field in the presence of
Te ions is suggested to play the role of facilitating the crys-
tallization process of dicalcium phosphate. This may give
good evidence that TeO2 containing species can be consid-
ered as an agent for crystallization with rates higher than
that possessed by silicate structural species.

3.1 In Vitro Test of Bioactivity

Bioactivity is the property of the material which can be
used to develop a direct, adherent and strong bonding with
the bone tissue [42]. An in vitro test of bioactivity means
formation of hydroxyapatite on the material surfaces after
suspension in simulated body fluid (SBF). This test has
been used as a criterion for the material and determining its
bioactivity. In vivo, nano-crystals of HA are linked to bio-
ceramic’s crystals after implantation. Cell interaction with
calcium phosphate bioceramics causes dissolution of the
β-TCP releasing Ca2+ and PO−3

4 onto the microenviron-
ment increasing the super saturation of the biologic fluid
with respect to apatite leading to precipitation of the nano-
carbonate apatite crystals similar to bone apatite [43–45].

The response of life tissue to bioglass as an implant was
found to depend essentially on not only the concentration of
crystalline phases developed in the material but also on the
Ca/P molar ratio in the crystalline apatite phase. Crystalline
apatite with a Ca/P molar ratio around unity is motivated to
react with SBF to yield HA with Ca/P molar ratio nearest to
1.67 specified for natural bone tissues [46]. The investigated
crystalline phases of the studied material were found to have
Ca/P ratio equals to 1.57. In this situation, homogenous HA
bone-like structure is predicted to be obtained as a result of
interaction of the glass sample with SBF.

Evidently, some reactions between the tested samples
and simulated body fluid (SBF) were considered. This can
be reflected from the change of spectral bands of XRD of the
glasses as the time of immersion changes. Figure 7 shows
XRD patterns (a) to (g) of the sample after immersion in
SBF at 37 ◦C for different times of soaking. The character-
istic wide XRD peaks of hydroxyapatite (2θ = 32, 40, 46.6
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Fig. 8 Scanning electron microscope (SEM) pattern of the silicate
glass of G2(50Si)

and 48) are obviously detected. In addition, the intensity
of peaks corresponding to the crystalline calcium tellurite
phases decreases gradually with increasing soaking time. At
extremely longer time, 120 h, most of these sharp diffrac-
tion peaks are mostly not observed. This means that most of
the crystallized phases are dissolved during soaking in SBF
and the precipitated HA phases that are mutually produced
[47–49].

The investigated glasses showed evidence for the miner-
alization processes. Figure 8 shows that submicron precip-
itates, enriched in Ca and P (found by EDX –Fig. 9a, b),
were uniformly formed after 120 hours, but not earlier (i.e.
72 hours or shorter). Chemical analysis by EDX showed that
the sample was rich in P and Ca comparing to the bulk.
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Fig. 9 a Energy dispersive X-ray (Edx) pattern of the tellurite glass
ceramic of G2(50Te), Ca/Te=1.09. b Energy dispersive X-ray (Edx)
pattern of the tellurite glass ceramic of G1(50Te), Ca/P=1.57

4 Conclusions

Some new categories of tellurite and silicate glass ceramics
are prepared and studied from the viewpoint of their bioac-
tivity. The microstructure of these materials was probed by
X-ray diffraction (XRD), Fourier transform infrared absorp-
tion spectroscopy (FTIR) and a scanning electron micro-
scope (SEM) equipped with an energy dispersive spectrom-
eter (SEM/EDX). It is found that silicate glass samples were
transformed to glass ceramics by a thermal heat treatment
and sintering processes. While crystalline tellurite glass
ceramic is directly obtained from the melt. Silicate glass
ceramics showed a much lower degree of crystallinity than
that presented by telluride. TeO2 promoted the nucleation
and crystallization processes which led to the formation of
different crystalline bio-phases. The crystals of tellurite con-
taining glass were needle-like morphology but particle-like
morphology is shown in silicate glass matrix. Bioactivity of
the glasses in simulated body fluids (SBF) was investigated.
Tellurite containing glass showed a better bioactivity in vitro
test than that of the silicate one. There is a great analogy
between the morphology of crystals of tellurite glass and the
morphology of hydroxyapatite in human bone, since both
posses needle like morphology. Tellurite glasses are there-
fore recommended to be used as a bioactive implants and
good biodental alternating restorative materials.
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