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Abstract

Silicophosphate glasses with variable divalent ion dopants (Zn**, Sr** or Cu**) were prepared via melt annealing route. Parent
and doped glasses were thermally heat-treated through a two-step regime to be converted into their glass—ceramic deriva-
tives. Fourier transform infrared (FT-IR) spectral data were recorded for parent glasses and their glass—ceramics derivatives
to identify the structural building units which reveal vibrational bands due to both main phosphate and some silicate groups
and to verify the bioactivity behavior after immersion in diluted phosphate solution. X-ray diffraction studies indicate the
formation of different phosphate and silicate crystalline phases in the derived glass—ceramics which varied with the type of
dopant oxide. SEM investigations of the glass—ceramics before and after immersion in phosphate solution showed multi-
component microcrystalline textures in the studied micrographs before immersion. Nodular-shaped microcrystalline features
were identified after immersion in phosphate solution referring to the formation of crystalline hydroxyapatite. The undoped
glass—ceramic is identified to crystallize in almost equal silicate and phosphate phases, while with the dopant ZnO, SrO or
CuO, the crystalline phases are only of phosphates, while the silicate phase is assumed to be retained in the surrounding
remaining vitreous boundaries.
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Introduction an implant with host tissues and reported to be able to stimu-

late more bone regeneration than other bioactive ceramics

It has been realized and accepted that the function of bio-
materials is directed to replace diseased or damaged tissues
(including bones) [1, 2]. The first generation of biomaterials
was early selected to be as bioinert as possible and thereby
minimize the formation of scar tissue at the interface of host
tissues. Metals and polymers that were early designed and
applied as bioinert materials triggered fibrous encapsulation
after implantation, rather than forming a stable interface or
strong chemical bond with tissues. The invention of bio-
active glasses in 1969-1971 provided for the first time an
alternative as the second generation, interfacial bonding of
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[1, 2]. Hench introduced in his review article in 1998 [3]
some of the clinically used bioactive ceramics including bio-
glasses, glass—ceramics and ceramics mostly of silicate and
phosphate compositions together with some composites for
various applications.

Many authors [4, 5] have extended the promising stud-
ies by Day et al. [6, 7] for the usefulness of various borate
glasses as efficient biomaterials with their rapid dissolu-
tion and nearly complete conversion to the basic bonding
hydroxyapatite when immersed in phosphate solution, Also,
later subsequent studies include the search to incorporate
trace elements with the bioglasses or glass—ceramics to act
as therapeutic or antimicrobial candidates [8, 9].

The present study comprises the preparation of some
silicophosphate glasses based on the basic chemical com-
position P,0O5 (60)-Na,0(20)-Si0,(10)-CaO(10) together
with samples containing added dopants of either 2%ZnO,
2%SrO or 1% CuO. These dopants have been found to
induce favorable properties for the biomaterials [1-5, 9].
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The investigations include multiple characterizations of
the glasses and glass—ceramic derivatives prepared by
two-step controlled thermal heat treatment of the parent
glasses. FT infrared absorption spectra of the glasses and
glass—ceramics were carried out before and after immer-
sion in phosphate solution for 2 weeks. Also, scanning
electron microscopic studies of the surfaces of the two
varieties (glasses and glass—ceramics) were done before
and after immersion. X-ray diffraction patterns were iden-
tified for the glass—ceramics to find out the separated crys-
talline phases upon thermal heat treatment.

Presented work expected to identify the main struc-
tural building units in both the glasses and glass—ceram-
ics and their variations in response to crystallization or
upon immersion in phosphate solution. The role of diva-
lent dopants (Zn**, Sr**, Cu®*) on the bioactivity or bone-
bonding was studied.

Experimental details
Preparation of the glasses

The batches of the glasses were prepared from chemically
pure laboratory chemicals including sodium dihydrogen
orthophosphate (NaH,PO,), purified pulverized quartz and
calcium carbonate, and the dopants were added in the form
of ZnO, SrCO; and CuO.

The weighed batches were melted in covered porcelain
crucibles at 1150 °C for 90 min with occasional rotating
the melts at intervals of 30 min to reach complete mixing
and homogeneity. The finished melts were poured into pre-
heated stainless steel molds with the dimensions required.
The prepared glassy samples were immediately transferred
to an annealing muffle furnace regulated at 250 °C. After
1 h, the muffle was switched off and left to cool to room
temperature at a rate of 30 °C/h with the prepared glasses
inside.

The details of the chemical compositions are depicted
in Table 1.

Table 1 Chemical composition of the prepared glass samples

Glass no. Wt% Added oxide
P,05 Sio, Ca0O Na,O

1 60 10 10 20 0

2 60 10 10 20 2%Zn0O

3 60 10 10 20 1%CuO

4 60 10 10 20 2%SrO
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Controlled thermal heat treatment (preparation
of the corresponding glass—ceramics)

The original parent glasses were heat-treated in a spe-
cial muffle with a heating rate of 5 °C/min to 285 °C first
selected temperature deduced from DTA and thermal expan-
sion measurements (nucleation temperature) held at this
temperature for 6 & necessary to produce sufficient nuclei
sites. Afterward, the muffle was raised to the second tem-
perature for completing the growth at 420 °C and held at this
temperature for 3 4. The muffle was then switched off and
left to cool to room temperature at a rate of 30 °C/h.

Structural FTIR spectral analysis for glasses
and corresponding glass—ceramics

The identification of the structural building groups for both
glasses and glass—ceramics was done by measuring their FT
infrared absorption spectra within the wavenumber range
4000-400 cm ™" using a recording FT infrared spectrometer
(type Mattson 5000, USA). The KBr disk technique was
adopted using fine powders of the glasses or glass—ceramics.
The IR measurements were immediately taken after prepar-
ing the disks to avoid moisture attack for the powders. The
same IR absorption measurements were repeated after the
immersion of the powders in a diluted phosphate solution
for 2 weeks.

Morphological studies using scanning electron
microscopic technique (SEM)

The surfaces of both the glasses and glass—ceramics were
examined by the SEM apparatus model (Philips XL, 30
attached with EDX unit, accelerating voltage 30 kV). All
samples were coated with a thin film of gold for morphologi-
cal examinations.

X-ray diffraction analysis
The separated crystalline phases within the glass—ceramic
derivatives were examined as a fine powder using X-ray dif-

fractometer type (Philips PW 1390 type) adopting Ni-filter
and Cu-target.

Results
DTA and thermal expansion coefficient studies

Figures 1 and 2 illustrate the DTA and thermal expansion
data of the base undoped glass. The obtained data from these
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Fig.1 DTA pattern of the base glass
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Fig.2 Thermal expansion behavior of the base glass

techniques were used to detect the suitable heating regime
for converting glass samples to their corresponding glass
ceramic derivatives.

FT infrared absorption spectra of the studied
glasses and glass-ceramics before immersion

The FTIR spectra of the prepared glasses are illustrated in
Fig. 3, and the spectral details reveal condensed or compos-
ite IR peaks within the mid-region (400—1700) cm™'. It is,
therefore, necessary to make a deconvolution process for the
obtained composite IR spectra to behave to identify hidden
or overlapped bands due to the presence of two compos-
ing structural groups (PO, and SiO,). The IR deconvoluted
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Fig.3 FTIR spectra of the studied glasses before immersion in phos-
phate solution, a base glass, b glass containing ZnO, ¢ glass contain-
ing CuO and d glass containing SrO

spectrum of the base undoped soda—lime silicophosphate
glass in Fig. 4 reveals the following spectral details:

(a) The far-IR region shows five successive peaks at about
428,505, 702 and 785 cm™".

(b) The mid-region extending from about 800 to 1700 cm™!
reveals eight peaks at about 8§72, 1030, 1102, 1285,
1390, 1460, 1627 and 1685 cm™".

(¢) The near-IR region extending from about 2750 to
4000 cm™! shows two peaks at 2846 and 2925 cm™!
followed by a very broad and strong band extending
from about 3000 to 3750 cm™' and revealing a central

peak at about 3443 cm™!.
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Fig.4 Deconvoluted FTIR spectrum of base glass (no. a) before
immersion in phosphate solution

The other doped-glasses reveal nearly similar condensed
IR absorption peaks within the same mid-regions but show-
ing limited variable intensities of the peaks.

Figure 5 illustrates the FTIR spectra of the glass—ceramic
derivatives before immersion in phosphate solution. Careful
inspection of the FTIR spectra indicates that the vibrational
bands of the glass—ceramics are also concentrated within the
wavenumber range 400—1700 cm™! and the peaks are quite
stronger and sharper than their parent glasses but generally
are in the same wavenumber vibrational sites. The near-IR
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Fig.5 FTIR absorption spectra of glass—ceramic derivatives before
immersion
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Fig.6 FTIR spectra of glasses after immersion in phosphate solution
for 2 weeks, a base glass, b glass containing ZnO, ¢ glass containing
CuO and d glass containing SrO

peaks within the range 390-3700 cm™! are lower in intensi-
ties than their parent glasses.

Figure 6 shows the FTIR spectra of the studied glasses
after immersion in phosphate solution for 2 weeks. The
IR spectra are generally similar to the IR spectra before
immersion, and the vibrational peaks within the range
400-1700 cm™' are more identified and revealing peaks at
441, 516, 666, 754, 1010, 1095, 1174, 1287 and 1643 cm™".
The most important spectral features which represent the
effects of immersion seem to cause variations in the spec-
tral results. The response of the reactions between the con-
stituents of the glasses including major phosphate ions and
some silicate ions with the immersion solution is leading to
the appearance of far-IR peaks around 515-750 cm™'. The
near IR most prominent and broadband centered at about
3440 cm™! is quite distinctive as before immersion.

Figure 7 reveals the FTIR spectra of samples from
prepared glass—ceramic derivatives after immersion
in phosphate solution for 2 weeks. The IR spectra of
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Fig.7 FTIR absorption spectra of glass—ceramic derivatives after
immersion in phosphate solution for 2 weeks
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Fig.8 XRD pattern of glass—ceramic samples

the glass—ceramics after immersion are similar to that
before immersion including the distinctive appearance of
the mid-IR peaks within 400-1600 cm~! and the lower
intensity of the near-IR broadband than that for the par-
ent glasses. Careful examination of Figs. 5 and 7 indi-
cates that the glass—ceramics show high intense and sharp
vibrational peaks and they seem to be stable immersion
in phosphate solution.

X-ray diffraction patterns of the studied glass-
ceramics

Figure 8 illustrates the X-ray diffraction patterns of the four
crystalline glass—ceramic derivatives. The detailed separated
crystalline phases after thermal heat treatment of the parent
glasses are summarized as follows:

(a) The base undoped glass—ceramic reveals six crystal-
line phases arranged as follows: (1) sodium calcium
silicate Na,Ca;SiO 4 (card no. 77-0386¢) with 28.7%,
(2) sodium hydrogen phosphate (Na 5H,(PO,) (P,0O,)
card no. 77-0096) with 25.1%, (3) sodium phosphate
Na;P;0, (card no. 72-6386(C) with 24.8%), (4) wol-
lastonite CaSiO; card no. 76-0186(C) with 10.9% and
(5) grumantite Na(Si,0,)(OH)H,O card no. 77-0983
with 5.3%-suolunite CaSiO;H,0O card no. 74-2248 (C)
with 5.1%.

(b) The glass—ceramic doped with ZnO shows three crys-
talline phases: (1) calcium phosphate oxide Ca,(PO,)26
card no. 70-1379(C) with 45.2%, (2) zinc phosphate
Zn,(PO,), card no. 36-1489(*) with 33.9% and (3)
sodium phosphate Na;P;0,4 card no. 72-1628 with
20.9%.

(c) The glass—ceramic doped with CuO reveals four crys-
talline phases: (1) sodium hydrogen phosphate with
40.0%, (2) calcium phosphate oxide with 33.6%-pseu-
domalachite (Cus(PO,),(OH), card no. 72-1678(C)
with 15.2% and (3) copper hydrogen phosphate
(CuHPO;(H,0), card no. 72-1367(C) with 11.2%

(d) The glass—ceramic doped with SrO shows five crys-
talline phases: (1) sodium hydrogen phosphate with
33.7%, (2) calcium phosphate oxide with 28.3%-sodium
phosphate with 22.4%, (3) sodium phosphate hydrate
(NaPO; 4(H,0) card no. 76-2279-with 11.7% and (4)
sodium strontium phosphide (Na,Sr;P,) with 3.8%

Scanning electron microscopic investigations

Figure 9a, b illustrates the morphological features of the
four glass—ceramics before and after immersion in phosphate
solution. The photomicrographs reveal the following textural
features:

(a) The undoped glass—ceramic shows almost microcrys-
talline ellipsoidal texture with interlocking vitreous
remnants between the microcrystals after immersion.
The microcrystalline features are smaller with some
rounded microcrystals scattered within the texture.

(b) The glass—ceramic doped with ZnO shows hemispheri-
cal texture with gathering microcrystals with a residual
vitreous matrix. After immersion, the whole texture is
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Fig. 9 SEM micrographs of
glass ceramics samples before
and after immersion in phos-
phate solution for 2 weeks, 1:
base glass—ceramic, 2: glass—
ceramic containing ZnO, 3:
glass—ceramic containing CuO,
4: glass—ceramic containing
SrO, a before immersion, b
after immersion

identified to be compact with the appearance of some
rounded crystalline structures.

(c) The glass—ceramic doped with CuO shows microcrys-
talline features more interlinked than the surrounding
peripheries and seems to be separated by circular vit-
reous features. After immersion, the whole texture is
wholly microcrystalline leaving in between some vitre-
ous boundaries

(d) The glass—ceramic doped with SrO shows microcrys-
talline features similar to that identified in the undoped

@ Springer

glass—ceramic. After immersion, the texture is observed
to be of microcrystalline texture leaving some non-uni-
form remnant of vitreous boundaries.

After immersion in the phosphate solution, the following
variations are reached:

1. The identified microcrystalline features remain as before
immersion with the formation of additional rounded- or
nodular-shaped microcrystalline phases.
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2. The formed nodular-shaped microcrystals are not sepa-

rately identified as been identified in references such as
Hench’s bioglass.

Discussion

Interpretation of the FT infrared absorption spectra
of the studied glasses and glass—ceramics

The FT infrared spectral data of the studied glasses can be
explained on the following basic parameters [10-20]:

1.

It is recognized and universally accepted that the FTIR
spectral bands and peaks represent the detailed structural
building units within the glasses or in other words to be
fingerprints of them [16, 17]. The structural building
groups are responding to the abundance of the structural
glass-forming oxides together with their arrangements
in the glass network.

The basic chemical composition of the host glass is main
(P,05 (60) beside Si0,(10)-Na,0(20)-CaO(10) wt%).
It is expected, therefore, that the main structural units
are of phosphate groups (PO,) together with additional
secondary silicate groups (SiO,) and the rest component
oxides of Na,O and CaO are situated in modifying posi-
tions.

The previous expectation indicates that the vibrating
structural modes belong to main phosphate groups
and with interfering of some silicate groups leading
to condensed or compact IR mid-structure where the
characteristic wavenumber positions of the two struc-
tural units are within nearby locations. According to the
free independent vibrations concept adopted by Tarte
[21] and Condrate [22], the two mixed main phosphate
and silicate groups are free to vibrate in their specific
wavenumber positions and the net result is the identified
compact and extended vibrational peaks specifically in
the mid-region extending from 400 to 1700 cm™".

It is therefore found necessary to apply a deconvolution
process for the expected hidden or overlapped peaks in
the studied base soda—lime silicophosphate host glass
and its glass—ceramic derivatives (Figs. 8, 9) to interpret
and assign the origin of the identified vibrational peaks.

Based on previous considerations, the FTIR data of the

studied glasses can thus be interpreted as follows [13-20];

1.

The far-IR peaks at 453, 505 and 545 cm~! can be
related mainly to bending vibrations of (O—P-0), (P=0)
and some sharing of bending vibrations of Si—O-Si and
0-Si-O.

2. The peaks at 702 and 785 cm™! can be assigned to sym-
metric stretching vibrations of P-O-P rings or bridging
7,(P—O-P) and some sharing of symmetric stretching of
Si—O-Si.

3. The peaks at 872 and 1030 cm™' can be correlated with
an asymmetric stretch of (P—O-P) bridges in metaphos-
phate configurations, y,,(PO,).

4. The peak at 1102 cm™! is related to the asymmetric
stretch of (P—O-P) in pyrophosphate groups (PO3)_2,
the asymmetric stretch of PO, groups and sharing of
Si—O stretching.

5. The peak at 1285 cm™! is related to stretching vibrations
of doubly bonded oxygen (P=0).

6. The peak at 1390 cm™" is related to (PO,) asymmetric
stretching vibrations of metaphosphate groups.

7. The peaks at 1460 and 16271685 cm™! are related to
vibrations of carbonate, water and OH groups, respec-
tively.

8. The near-IR peaks at 2846, 2925 cm™~! and the subse-
quent broadband centered at 3443 cm™' are correlated
with water, OH, POH, SiOH vibrations.

Interpretation of the effect of immersion
in phosphate solution on the FTIR spectra

The changes in the FTIR of the studied phosphate glasses
and glass—ceramics upon immersion in phosphate solution
can be understood and interpreted on the following basis;

1. It has been recognized from the early invention of pat-
ented Hench’s bioglass that the term bioactive candidate
has been introduced and referred to biomaterials which
upon immersion in fluids or some related solutions pro-
duce a specific surface material (hydroxyapatite) which
is chemically bonded to bones and related tissues [23].
The first immersion process began with tris solution and
then with simulated body fluid (SBF) as proposed by
KoKubo and Takadama [24]. Day et al. [25, 26] have
investigated the action of diluted phosphate solution
through in vitro bioactivity studies on borate and boro-
silicate glasses. For dental applications, some authors
studied the comparative immersion of Hench’s bioglass
in artificial saliva [27, 28].

2. The corrosion behavior of Hench’s bioglass and derived
glasses by different aqueous solutions has indicated that
[29] the sodium phosphate solution is more corrosive
than the action of solutions of acids, alkali hydroxide
and even the other constituents in the SBF fluid. This
behavior has been related to the ionization of the sodium
phosphate solution into sodium hydroxide and phos-
phoric acid solutions dissolving nearly all the constitu-
ents of Hench’s bioglass (silicate or phosphate phases).
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Based on previous considerations, it is concluded that
upon the immersion of the studied silicophosphate
glasses, it is assumed that the glass undergoes specific
surrounding reactions including the main phosphate and
partner silicate phases with the phosphate solution and
subsequently an HA-like layer is formed.

It is agreed that the formation of a hydroxyapatite layer
is an important factor to decide the biological activity
of a biomaterial in vitro [1-5].

It is accepted that the generation or identification of the
far and other IR vibrational peaks at 560—605, 750 and
related band at 1000—1100 cm™! which indicate or point
out the formation of calcium phosphate crystalline phase
are clues for the formation of calcium phosphate as indi-
cation parameters for bioactivity.

Interpretation of the X-ray diffraction patterns data

The experimental X-ray data reveal variable crystalline
phases within the prepared heat-treated four glass—ceram-
ics which are dependent on the chemical composition of
the glass and the type of dopants introduced before heat
treatment. These crystalline data are explained based on the
following parameters:

1.

The chemical composition of the host undoped glass—
ceramic under study consists of main P,05(60) and with
Na,0(20), SiO,(10) and CaO(10) wt%

McMillan [30] assumed that there is obvious evidence
that the addition of a few percents of P,O5 in glasses
promotes the presence of phase separation and subse-
quent ease of crystallization. Also, the double bond
oxygen, P=0, is assumed to be a favorable promoter
to phosphate phase separation in a silicate network and
thus increases the tendency toward crystallization [31].
In the present studied glass—ceramic, the chemical com-
position of the parent glass contains major constituent
of P,05 (60%) and hence there are much phosphate ions
and greater tendency to produce varieties of crystalline
phosphates with the sharing of alkali oxide (Na,O) and
alkaline earth oxide (CaO).

Also, Hudon and Baker [32] have studied the readiness
of various cations to produce nucleation sites and hence
subsequently form crystalline phases and confirm that
Ca”" ions can participate and initiate phase separation
and subsequent crystallization.

The X-ray diffraction data indicate that the undoped
glass—ceramic contains six crystalline phases, three
of which are of silicate phases from sodium calcium
silicate, wollastonite (calcium silicate), grumantite
(sodium silicate hydrated and suolunite (calcium silicate
hydrated) with total 50.1% and two phosphate phases
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(sodium hydrogen phosphate and sodium phosphate)
with 49.9%.

The previous result seems to be amazing and unpredict-
able because of the presence of P,0O5 as the main com-
ponent in the chemical composition of the base glass. It
is assumed that P,05 behaves in the suggested process
or sequence of crystallization of the parent undoped
glass at least partly as a nucleating agent for the separa-
tion of silicate phases as its role in the crystallization
of Hench’s bioglass into main sodium calcium silicate
(1Na,0. 2Ca0. 3Si0,) crystalline phase. Also, P,0Os5 is
assumed to share in the production or formation of two
crystalline phosphate phases with Na,O. The calcium
ions are consumed in the preparation of three silicate
phases (sodium calcium silicate, wollastonite (CaSiO5)
and calcium silicate hydrated.

The glass—ceramic doped with ZnO shows only three
crystalline phosphates of calcium, zinc and sodium. This
result indicates that ZnO conducts or initiates the sepa-
ration of phosphate phase according to the assumption
of Hudon and Baker [32] and the remaining connect-
ing vitreous boundary is assumed to contain silica in its
constitution.

The glass—ceramic doped with CuO consists of two crys-
talline phosphate phases with sodium and calcium with
a total of 73.6%, and the rest are two copper phosphates
crystalline phases. The role of CuO can be assumed to
conduct a catalytic effect for the formation of the differ-
ent phosphates besides the sharing of the formation of
two copper phosphates.

The last glass—ceramic doped with SrO comprises three
crystalline phosphates of calcium and two sodium with
major constituents (~96.2%), and SrO is observed to
share in forming a limited crystalline phase of sodium
strontium phosphide (3.8%). This may be related or
assumed to some residence of Sr ions in close-packing
sites and have not freedom of choice to react or combine
with phosphate anions directly.

In conclusion, the collected X-ray diffraction data reveal
peculiar results in which the undoped glass—ceramic is
identified to contain almost equal crystalline phases of
silicate and phosphate irrespective of the main constitu-
ent of P,O5 (60%). On the other hand, the three doped
glasses reveal only different crystalline phosphate phases
with partly sharing of the dopant oxide and with no crys-
talline silicate phases. These results can be assumed to
the tendency of P,05 acting as nucleating or initiating
phase separation and the preference of combination of
P,05 to form crystalline phosphates and leaving the
silica component in surrounding vitreous matrix. These
results seem to need further studies to find out the pref-
erence combination and subsequent crystallization pro-
cess.
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Interpretation of the scanning electron microscopic
and EDAX data

Figures 9 and 10 illustrate the SEM and EDAX results of
the four glass—ceramic samples before and after immersion
in phosphate solution. The micrographs show multi- and
microcrystalline phases covering nearly all the surfaces with
remnants of the in-between vitreous matrix. These extended
features of microcrystalline features are related to the pres-
ence of multicomponent phosphates and silicate crystalline
phases identified in the various four glass—ceramics and even
the base undoped glass—ceramic which consists of different
six phosphate and silicate phases. Such identified phases
are originating from the sharing of all the constitutional
oxides during the process of crystallization. In the other
three doped glass ceramics, all the formed crystalline phases
are from different phosphate phases with the combinations
of the partner’s sodium or calcium. This result points out
that the additions of the studied three dopants (ZnO, SrO,
CuO) retard the formation of any crystalline silicate phases
but easily combine with P,Os as a preferred partner. This
specific behavior seems to be in need of further successive
studies.

On the other hand, EDAX data indicate the appearance
of main (P) beside the other commonest constituents Na,
Ca, but Si is absent to be detected only in the undoped
glass—ceramic. This may be related to the strong combi-
nation of the Si species in three formed microcrystalline
formed phases.

The overall SEM data indicate that the studied glasses
after immersion in phosphate solution reveal some nodular-
shaped microcrystalline phases but not highly distinct as
identified for reference bioactive glasses such as Hench’s
bioglass due to the following reasons:

1. The host glass contains P,Os with 60% which initiates
the formation of many microcrystalline phases of phos-
phates beside some silicate phases referring to the tight
bonding of P,Os in its crystalline phases.

2. The presence of CaO with 10% of the composition and
the calcium ions are assumed to form microcrystalline
phosphates, silicates and are not free to form calcium
phosphate except in the scattered identified rounded
semi-or nodular microcrystalline phases.

Conclusions

In this study, the synthesis of base Na—Ca—silicophosphate
glass of the composition (60P,05—10Si0,-20Na,0-10CaO
wt%), together with samples doped with 2%ZnO, 1%CuO or
2%Sr0O, was prepared by melting and annealing technique.
Samples of glasses were thermally heat-treated in a two-step
regime to convert them to their corresponding glass—ceram-
ics. X-ray diffraction data of the undoped glass—ceramic
indicate the appearance of equal three phosphate crystalline
phases together with three silicate phases. The doped glasses
reveal mostly different crystalline phases from phosphates
only as assumed by initiating phase separation of the dif-
ferent dopant oxides. FTIR spectra of the glasses and their
glass—ceramics before and after immersion in the phosphate
solution were carried out to identify the structural building
groups and searching for any variations after immersion.
FTIR results refer to the generation of multicomponent far-
IR peaks at 400—750 cm™" after immersion which supports
bioactivity behavior.

SEM images of the glass—ceramics before and after
immersion show multi-microcrystalline phases which vary
with the dopant oxide. After immersion, the SEM data reveal
the formation of some nodular or rounded microcrystalline
phases but not highly distinctive as with bioactive Hench’s
bioglass. This behavior has been related to the difference in
the percents of high P,O5 (60%) which initiates the genera-
tion of multi-crystalline phases of different structures and
compositions and the calcium ions are assumed to be firmly
bonded in their crystalline phases and their reaction with
P,05 to form hydroxyapatite is limited. The data show no
distinct variation of the dopants on the bioactivity behavior.
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Fig. 10 EDAX analysis of glass samples after immersion in phosphate solution for 2 weeks, 1: base glass, 2: glass containing ZnO, 3: glass con-
taining CuO and 4: glass containing SrO
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