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Abstract

The main purpose of the presented article is the preparation of novel glass-ceramics in CaO-SiO,-P,05-MgO
system and evaluation of carbonate apatite formation after soaking in TRIS-HCI buffer solution for 14 days.
The investigated samples were prepared via sol-gel method and structure of the obtained samples was studied
using XRD, FTIR, SEM, XPS and ICP-AES. XRD of the thermally treated samples showed that the presence of
some crystalline phases is depended on the gel composition. FTIR revealed the existence of all characteristic
bands for the observed crystalline phases. SEM monitored the presence of particles with different morphology.
After soaking in TRIS-HCI solution, FTIR confirmed that carbonate apatite was formed on the soaked surface.
The obtained data are in a good agreement with XPS analysis. The change of ions concentrations in TRIS-HCI
buffer solution after immersion of the prepared glass-ceramics was recorded by ICP-AES measurements.
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I. Introduction SBF solution. In addition, the ionic products from them

. . o could stimulate osteoblast proliferation and differen-
It is known that the controlled bioactivity and degra-  2ion. In another article Ma et al. [10] found that

dation of glasses and glass-ceramics are needed to meet o incorporation of Mg promotes the crystallization
different clinical requirem.ent.s. Previogs studies have ¢ Ca,MgSi,0, and cristobalite (SiO,), inducing the
shown that the glass-ceramics in CaO-Si0, system pos-  formation of wollastonite (CaSiO,)/Ca,MgSi,0, based
sess good in vitro bioactivity [1]. Thus, CaO-SiO, sys-  ¢1a55 ceramics. They also concluded that the incorpora-
tem has been considered as the basis of many of the third 01 ¢ 10 mol.% MgO does not suppress in vitro bioac-
generation tissue regeneration materials [2]. In 1980s, ity of the prepared samples. Bernardo et al. [11] fabri-
Nakajima ef al. [3,4] developed magnesium doped CaO-  o5eq Ca,MgSi, 0, ceramics in the presence of silicone
810, diopside (CaMgSi,0¢) ceramics. They used newly  poing used as silica source, filled with micro- and nano-
created biomaterial, because it was found that diopside ;.4 Ca0 and MgO particles. Yoganand et al. [12] syn-
possesses carbonate apatite (CO;HA) formation abil- 645764 olass-ceramics in Ca0-MgO-SiO, system via
ity in SBF soluFlon and bonds to the bone when im- plasma-sintering method and observed the presence of
planted in rabbits. Later Shyu and Wu [5] prepared CaMgSi,O4 and depicted that the synthesized sample
CaMgSi,04/Ca;(PO, ), composites after heat treatment ¢, wed the CO,HA formation on the soaked surface
of the gels at 990°C for 1h. Wu and co-workers i, SBF solution. Hafezi-Ardakani et al. [13] synthe-
[6.7] investigated akermanite (Ca,Mg8i,0,) and brede-  gi704 pure nano-crystalline merwinite (Ca;Mg(SiO,),)
gite (Ca,MgSi,0,¢) ceramics in Ca0-5i0,-MgO sys-  py 0]-gel method after thermal treatment of the pow-
tem [6-9]. Their studies showed that these ceramics  ger 5t 1300°C. On the basis of the in vitro bioactivity
were degradable and revealed CO;HA formation in  ogqay the authors concluded that the prepared sample
acts as a bioactive material: after the first day of soak-
ing, apatite layer can be formed on its surface. Bala-
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murugan et al. [14] synthesized bioglasses in the SiO,-
Ca0-MgO-P,0, system and observed that after thermal
treatment at 1100 °C two crystalline phases can be de-
tected — (Ca,Mg),(PO,), and forsterite (Mg,SiO,). On
the basis of the in vitro test in SBF, they concluded that
on the surface of the synthesized sample after 21 days
of soaking, apatite crystalline phases were deposited.
In an interesting article Tulyaganov et al. [15] synthe-
sized glass-ceramics in CaO-MgO-SiO, system with
addition of B,0,, P,O,, Na,O and CaF,. After thermal
treatment of all compositions at 1400 °C for 1h, XRD
proved that highly dense and crystalline samples com-
posed mainly of CaMgSi, O, and wollastonite (CaSiO,)
with small amounts of Ca,MgSi,O, and residual glassy
phase was observed. In the recent years Tulyaganov and
co-workers [16] published the experimental investiga-
tion of a glass based on CaO-MgO-P,0;-Na,O-CaF,
system as a potential material for biomedical applica-
tions. They concluded that CO,HA was formed at their
surface after in vitro bioactivity test in SBF. On the other
hand, in vivo animal studies revealed low inflammatory
infiltrate with the surrounding tissue.

In the present work we faced two basic problems: i)
to synthesize novel glass-ceramics in CaO-SiO,-P,0s-
MgO system with different (Ca+Mg)/(P+Si) molar ra-
tio, and ii) to study the changes occurring at the surface
of the glass-ceramics in TRIS-HCI solution. TRIS-HCI
solution was used because of some previous studies on
bioactive glass reactivity [17], as well as it does not con-
tain any foreign ions, and is an excellent medium in or-
der to analyze surface products on the prepared glass-
ceramics.

II. Experimental work

2.1. Materials and methods

Two different CaO-SiO,-P,05-MgO materials were
synthesized by multistage sol-gel method. In the first
step SiO, sol was prepared from tetracthoxysilane
(TEOS) by stirring with solvent (mixture of C,H;OH
and H,O) and a catalyst (a small amount of HCl) in a
volume ratio TEOS : C,H;OH : H,O : HCl =1 : 1:
1 : 0.01. After approximately 1 h and the formation of
transparent solution, the magnesium salt (Mg(NO;),X
6H,0) dissolved in water was mixed with prehydrol-
ysed TEOS under stirring for 14 h. In the second step
calcium phosphate (CP) solution was prepared by mix-
ing of Ca(OH), and H;PO, at pH = 10-11. The cal-
cium phosphate mixture was added dropwise into the
modified silica sol under intensive stirring. The prepared
mixed sol was stirred for 24 h, gelled at 120 °C for 12 h
and thermally treated at 1200 °C for 2 h in a tubular fur-

nace. Chemical composition of the obtained gels and
glass-ceramics is given in Table 1.

2.2. Corrosion test in TRIS-HCI buffer

The dissolution test of the obtained glass-ceramics
was carried out in TRIS-HCI buffer. Briefly, the cor-
responding amount of TRIS powder ((hydrohymethyl)
amino methane (CH,OH),CNH,), necessary to obtain
1 M solution, was dissolved in water, and the pH was ad-
justed to ~7.4 with 2 M HCI. The desired amount of the
glass-ceramic powder (0.5 g) was dissolved in a beaker
with 50 cm? of the as prepared TRIS-HCI solution in a
static condition at 36.6 °C. After 14 days of reaction in
TRIS-HCI, the bulk glass-ceramic samples were washed
with water and dried in an oven at 70 °C for 4 h.

2.3. Characterization techniques

The structure and in vitro bioactivity of the synthe-
sized glass-ceramics were monitored by X-ray diffrac-
tion (XRD), Fourier transform infrared (FTIR) spec-
troscopy and scanning electron microscopy (SEM).
XRD was collected within 26 range from 10 to 80° with
a constant step of 0.04° and counting time of 1 s/step on
Brucker D8 Advance diffractometer with CuKea radia-
tion and SolX detector. FTIR transmission spectra were
recorded by a Brucker Tensor 27 Spectrometer with
scanner velocity 10 kHz. KBr pellets were prepared by
mixing of ~1 mg of the sample with 300 mg KBr. Trans-
mission spectra were recorded using MCT detector with
64 scans and 1cm’! resolution. The scanning electron
microscope (SEM, Hitachi, TM3000) at an operating
voltage of 15kV was used to study the morphology of
the thermally treated samples and for the apatite de-
posited on the surface of bioactive glass-ceramics, after
soaking in TRIS-HCI buffer solution.

X-ray photoelectron spectroscopy (XPS) measure-
ments were carried out with monochromatic Al Ke ra-
diation using VG ESCALAB 1I electron spectrometer
with energy of 1486.6eV. The composition and chemi-
cal surrounding of the deposited films were investigated
on the basis of the areas and binding energies of Cls,
Ca2p, P2p, and Si2p photoelectron peaks.

The ions concentrations of Ca, P and Si after soak-
ing in TRIS-HCI buffer for 7 days were recorded by in-
ductively coupled plasma atomic emission spectroscopy
(ICP-AES) using IRIS 1000, Thermoelemental, USA.

II1. Results and discussion

3.1. Samples before soaking in TRIS-HCI solution

XRD patterns of the C-1 and C-2 samples, sin-
tered at 1200°C for 2h, are presented in Fig. 1. In

Table 1. Chemical composition of the prepared glass-ceramics

Composition of the gels [wt.%]

Samples Ca0 S0, P,0, MgO Ca+Mg/Si+P molar ratio
C-1 38 29 31 2 1.00
C-2 55 20 22 3 2.18
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Figure 1. XRD of the C-1 (a) and C-2 (b) glass-ceramics after thermal treatment at 1200 °C for 2 hours

accordance with our preliminary results [18], in the
magnesia-free glass-ceramics some crystalline phases
can be detected, such as: calcium phosphate silicate
(Ca,5(PO,),(Si0,),), wollastonite (CaSiO;) and pseu-
dowollastonite (Ca;(Si;Oy)). In this context, Ma et al.
[10,19,20] also reported that in the CaO-P,04-SiO,
glass-ceramics, XRD proved the presence of CaSiO,
and Ca,(Si;Oy). As can be seen from Fig. 1 the
glass-ceramics containing magnesia has the follow-
ing crystalline phases: i) whitlockite, (Ca,Mg),(PO,),
(PDF card 70-2064), and cristobalite, SiO, (PDF card
85-0512) in the sample C-1 and ii) silicocarnotite,
Cas(PO,),Si0, (PDF card 40-0293), Ca,MgSi,0,
(PDF card 79-2425) and Ca;MgSi,O; (PDF card 74-
0382) in the sample C-2. In accordance with some pre-
liminary results [10,19,20], the incorporation of magne-
sia in the CaO-SiO,-P,O; gels induces the formation of
cristobalite. On the other hand, Watts et al. [21], con-
cluded that in the case of SiO,-P,05-Ca0O-MgO-Na,O
bioactive glasses, the part of magnesia acts as network
intermediate and exists in Si-O-Si network as MgO,
tetrahedral units. It was also observed [22] that aker-
manite contains tetrahedral MgO, units.

Figure 2 shows FTIR spectra of the samples, ther-
mally treated at 1200 °C for 2h. The presented FTIR
spectra of the samples sintered at 1200 °C showed the
characteristic bands for the sol-gel glasses and glass-
ceramics. According to the previous investigations [23],
three optical vibration modes of Si-O groups can be
observed. The band posited at 1085 (1056)cm™' corre-
sponds to the Si-O-Si symmetric stretching vibration,
and the bands around 477 cm™ may be defined as Si-O-
Si vibration. The band at ~490cm™! could be assigned
to the vibration of Si-O-Mg bond [24]. In addition, the
shoulder at 939 (940) cm™! is related to the non-bridging
oxygen bonds of Si-O-Ca. Moreover the above bands,
the peaks posited at 560 and 606cm™ could be as-
signed to the bending P-O vibrations, corresponding to
the crystalline phosphates. The vibration at 1620 cm’!
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Figure 2. FTIR of the C-1 and C-2 samples thermally treated
at 1200 °C for 2 h (W - whitlockite, C - cristobalite, A -
akermanite, M - merwinite and S - silicocarnotite)

due to the deformation mode of H-O-H can also be ob-
served.

The absorption bands at 560 and 606 cm’!, observed
in FTIR spectra of the sample C-1, could be ascribed
to the (Ca,Mg),(PO,), (W) [25], and those at 795 and
1202cm™ to cristobalite (C) [22]. In addition, FTIR
spectra of the sample C-2 characterize the bands posited
at 939, 853 and 684 cm™! related to akermanite (A) [26].
The bands centered at 884, 585 and 520 cm™ could be
ascribed to merwinite (M) [26] and the bands posited
at 939, 884, 853 and 1060cm™ could be assigned to
the silicocarnotite (S) [27]. Furthermore, the observed
bands with very small intensity at 1461 and 1375cm’!
can be seen in Fig. 3. The assignments for CO32’ in the
prepared C-2 glass-ceramic powder are v3 (asymmetric
stretching) at 1461 cm™ and v, (bending) at 1375cm™
[28]. The presence of these carbonate bands is attributed
to a carbonation process of the glass-ceramic due to the
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Figure 3. SEM of the C-1 (a) and C-2 (b) samples after annealing at 1200 °C for 2 hours

atmospheric CO, as a consequence of a high calcium
content in the prepared C-2 sample. The obtained re-
sults are in a good agreement with literature data [29]
for CaO-Si0, sol-gel glasses.
From the FTIR analysis of the thermally treated C-
1 and C-2 samples we can make the following conclu-
sions:
e the intensity of the bands at 460-600 cm™! decrease
with increasing of MgO content in the gels;
o the bands characteristic for cristobalite disappear
with increasing of CaO and MgO content in the
gels (Table 1).
Similar conclusions are valid for some biologically ac-
tive glasses in Si0,-CaO-MgO-K,0-P,0; system [30].
SEM images of the C-1 and C-2 glass-ceramics, ther-
mally treated at 1200°C are given in Fig. 3 indicating
that two samples have different morphologies, depend-
ing on the chemical compositions of the starting gels.
The surface of the sample C-1 is not compact. It can
be seen (Fig. 3a) that the heterogeneous surface consists
of random-sized particles with sharp edges and voids
among them. The pseudo prismatic and plate-like crys-
tals could be related to cristobalite [31]. The surface of
the sample C-2 consists of very small spherical parti-
cles with size of 0.3-0.5 um and aggregated structures.
In accordance with FTIR results (Fig. 2) we can con-
clude that these small spherical particles were formed
due to the partial carbonation of the thermally treated
C-2 sample.

3.2. Samples after soaking in TRIS-HCI solution

XRD of the samples soaked in TRIS-HCI buffer
solution for 14 days in static conditions are given in
Fig. 4. From the presented XRD results it could be
seen that two new phases are present in the soaked
samples: carbonate apatite, Ca,,(PO,),(CO;)x0.5(0H)
(PDF card 01-072-7532) and hydromagnezite,
Mg;(CO;),(OH),x4 H,O (PDF card 25-0513). In the
sample C-1 with molar ratio Ca+Mg/Si+P = 1 (Fig. 4a)
(Ca,Mg),(PO,), and SiO, with low crystallinity were
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also detected. On the other hand, the sample C-2 with
molar ratio Ca+Mg/Si+P = 2.18 (Fig. 4b) does not
have Ca,MgSi, 0, and Ca;Mg(SiO,), phases, i.e. these
two crystalline phases were dissolved in TRIS-HCI
buffer solution. The product of a particular dissolution
of (Ca,Mg),(PO,),, Ca,MgSi,0,, and Ca;Mg(SiO,),
is Mgs(CO;),(OH),x4 H,0.

The main conclusions from the presented XRD data
can be summarized as follows:

e (Ca,Mg),(PO,), and SiO, undergo partial dissolu-

tion in TRIS-HCI buffer;

e Ca,MgSi,0, and Ca;Mg(SiO,), are fluently dis-

solute in TRIS-HCI medium;

e Mg(CO;),(OH),x4 H,O is observed as a dissolu-

tion product in both soaked samples.

Changes in the glass-surface as a function of immer-
sion time were assessed by FTIR. Figure 5 presents
FTIR data of the glass-ceramics samples, after soaking
in TRIS-HCI buffer for 14 days. The FTIR spectra of
the samples (Fig. 5) exhibit a decrease in intensity of
the band at 930cm™!, thus, revealing a decrease in the
concentration of Si-O-, i.e. SiO, units [32]. The pres-
ence of shoulder peak at ~960 cm™! for the sample C-1
(Fig. 5a) may be attributed to C-O vibration modes in
CO32‘ and P-O-P bonding [33]. He et al. [34] related

this bond to the v, PO43’ vibration mode for the crys-
talline phosphates for the samples soaked in SBF so-
lution. This band, together with the appearance of one
with very small intensity at 894 cm’!, indicates on the
vibration of P-O bond [32]. In the FTIR spectrum of the
sample C-1 (Fig. 5a), we cannot observe the presence
of a band, posited at 1202cm™" (Fig. 2) which could be
assigned to SiO,. Moreover, the intensity of the bands at
795, 606 and 560 cm™ which are characteristic for Si0,
and (Ca,Mg),(PO,), slightly decreases. This fact could
be related to the partial dissolution of these phases in
TRIS-HCI buffer.

In FTIR spectrum of the sample C-1 with molar
ratio Ca+Mg/Si+P 1 (Fig. 5a) some new bands
can be observed at 654, 718, 853, 1009, 1024, and
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Figure 4. XRD of C-1 (a) and C-2 (b) samples after soaking in TRIS-HCI buffer for 14 days in static conditions
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Figure 5. FTIR spectra of the glass-ceramics C-1 (a) and C-2
(b) soaked for 14 days in TRIS-HCI solution

1111cm™. The peak posited at 654cm™! could be as-
cribed to the v4 PO43‘ vibrational mode [35]. The band
at 718cm™ could be determined as CO;>~ in B-type
CO,HA in which CO;>> —— PO, [36], calcite
[35], or a combination of HCO,~ and CO32‘ present in
Mgs(CO;),(OH),x4 H,0 [37]. Some research groups
[38-40] proved that the peak posited at 853 cm™! may be
assigned to the labile CO;>~ in A/B sites in CO;HA. The
peak at 1009 cm™! could be related to the v3 PO 43‘ vibra-
tional mode [36], and the others at 1024 and 1111 cm’!
are assigned also to the v3 PO 43’ vibrational mode in A-
type CO;HA in which CO,*> —— OH™ [36,41]. On the
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other hand, the peaks posited at 594 and 853 cm™! could
be related to CO;>~ in Mg,(CO;),(OH),x4 H,O [42].

From the presented FTIR results we can con-
clude that after immersion in TRIS-HCI buffer for 7
days, the characteristic bands for cristobalite (C) and
(Ca,Mg),(PO,), undergo changes in their intensity: the
intensity of these bands decrease with increasing of
the soaking time. Moreover, the characteristic bands
for A/B CO;HA and Mgs(CO;),(OH), x4 H,O are also
present.

In addition, in FTIR spectrum of the sample C-2 with
molar ratio Ca+Mg/Si+P = 2.18 (Fig. 5b) the character-
istic bands for akermanite (A) and merwinite (M) can
not be observed, after the dissolution test in TRIS-HCI
buffer for 14 days. Moreover, in the presented spectrum
we can see the presence of some new bands at 520, 543
and 606 cm™'. These bands could be related to v4 PO,*-
[43,44]. The peak with low intensity, posited at 840 cm™!
could be related to CO32‘ ion, incorporated into HA lat-
tice in accordance with Regnier et al. [45]. In coinci-
dence with some preliminary data, the peak at 878 cm™!
could be attributed to CO32’ in B-type CO;HA [40].
This band and the one at 793 cm™! could be related also
to the Mg5(CO;),(OH),x4 H,0 [42,46].

On the basis of the obtained results we can conclude
that when the sample C-2 soaked in TRIS-HCI buffer
for 14 days, the characteristic peaks for akermanite (A)
and merwinite (M) could not be observed in the FTIR
spectrum (Fig. 5b). On the other hand, some new peaks
can be detected. The presence of these peaks could be
related to the formation of new crystalline phases on the
surface of the soaked samples in accordance with XRD
results (Fig. 4b).

More detailed information about the structural
changes caused by immersion of the samples C-1 and
C-2 in TRIS-HCI buffer for 14 days are given in Fig.
6. From the presented FTIR spectra (Fig. 6) it can be
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Figure 6. FTIR spectra of the soaked for 14 days in TRIS
solution C-1 and C-2 glass-ceramics in the range
2000-1250 cm'!

seen that the bands, centered at 1385 and 1450 cm’!, for
the sample C-1 could be ascribed to the presence of B-
type CO;HA, i.e. part of PO,*>~ was replaced by CO,*~
[47,48]. The same type of substitution for the sample
C-2 could be denoted by the presence of some peaks,
centered at 1400, 1458, and 1483 cm™ [28,48,49]. In ac-
cordance with other preliminary data the peaks, posited
at 1497, 1510, and 1544 cm™ for the sample C-1 and
those at 1501 and 1516cm™ could be related to A-
type CO;HA in which OH™ ions are replaced by COSZ’
[48,50-52]. The peak at 1550 cm’! for the sample C-2 is
assigned to A/B-type CO,HA [53].

SEM images of the samples C-1 and C-2 soaked in
TRIS-HCI buffer for 14 days are given in Fig. 7. From

B |
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the SEM images it could be seen that the surfaces of
the immersed C-1 and C-2 samples are fully covered
by a new layer with particles of different morphology.
The presence of these particles is related to CO;HA,
which is formed on the immersed samples in accordance
with XRD (Fig. 4) and FTIR (Figs. 5 and 6) results.
Moreover, in the presented SEM results we can also see
the particles with plate-like morphology. These particles
could be related to Mgs(CO;),(OH),x4 H,0 [54].

XPS investigations were performed to identify chem-
ical states and surface structures of the prepared glass-
ceramics in soaked TRIS buffer for 14 days in static
conditions. A survey scan XPS spectra of the immersed
samples are presented in Fig. 8 and the peak positions
are listed in Table 2. Furthermore, the narrow scan XPS
measurements of the samples are shown in Fig. 9. The
Cls peak position due to adventitious carbon was de-
tected at the binding energy value 285.0 eV, but the Cls
spectrum (Fig. 9a) shows two overlapping peaks. They
could have arisen from the presence of two different
chemical identities. The peaks posited at 285.0eV for
both samples could be related to the C-O bond [17].
The peaks centered at 286.9 eV (for the sample C-1) and
286.7¢eV (for the sample C-2) could be ascribed to the
C=0 bonds [17]. These C-O and C=0 bonds can be re-
lated to the surface carbonate complexes, as described
in [17]. In our case, it is evident that the part of carbon-
ate content is not incorporated into CO;HA lattice. In
the Ca2p spectrum the peak at 347.9 eV can be observed
for the sample C-1. In accordance with Ni et al. [55] and
Obst et al. [56] this peak could be ascribed to the small
amount of aragonite. Moreover, the two peaks, centered
at 347.0 eV for the samples C1 and C2 (Fig. 9b) could be
assigned to the Ca2ps); in HA lattice [57]. The peak at
348.5 eV for the sample C-2 could be related to Ca2ps),
in hydroxyapatite (HA) [56].

The observed P2p photoelectron spectrum (Fig. 9c)
depicts the presence of three peaks, centered at 134.0eV
(for the sample C-1) and 134.2 and 135.1eV (for the
sample C-2). The first two peaks correspond to P2p in
B-type CO;HA [58] and PO,*" in accordance with Ad-
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Figure 7. SEM of the C-1 (a) and C-2 (b) samples soaked in TRIS-HCI buffer for 14 days
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Figure 8. XPS spectra of survey scans for C-1 and C-2
glass-ceramics soaked in TRIS-HCI buffer for 14 days

min et al. [59]. The Ols spectrum (Fig. 9d) indicates
two environments having two peaks with BE values at
532.0eV (for both samples) and at 533.5 (532.5) eV for
the samples C-1 and C-2. The first one may correspond
to P-OH bonds of HA [60]. The component at 533.5eV
may be related to OH groups, and the peak at 532.5eV
is indicative for the presence of SiO, in which O atoms
are covalently bonded to two SiO, tetrahedra [17]. The
Si2p spectra is located at 103.5 (102.4) eV for the sam-
ple C-1, and 104.4 eV (for both samples) as can be seen
from Fig. 9e. The peak at 102.4eV could be related to
Si-O- bonds [17,61], and the one at 103.5eV to SiO,
bulk structures [17]. Furthermore, the two peaks located
at 104.4eV could be ascribed to the silicon containing
amorphous calcium phosphate (Si-ACP) [62].

Figure 10 presents ICP-AES data for the evaluation
of the ionic concentration of Ca, Si, P, and Mg in the
TRIS-HCI solution, after soaking of the prepared glass-
ceramics for 14 days in static conditions. The Ca re-
lease rate for two glass-ceramics show a very differ-
ent behavior. For the sample C-1 Ca content reaches
a maximum of 447 mg/l. For this sample, P content is
5mg/l. In accordance with [63], the low P concentra-
tion is probably the limiting factor for the growth of the
CO,;HA layer, formed on the surface of the soaked sam-
ples. The lower Mg content (19 mg/l) could be related
to the lower crystallinity of Mgy(CO;),(OH),x4 H,0.
The obtained ICP-AES results are in a good agree-
ment with presented XRD data (Fig. 4a). For the glass-
ceramic C-2, ICP-AES depicts that the Ca content is
147 mg/1, accompanied with low P content (7 mg/l). In
accordance with XRD results (Fig. 4b), the produced
CO;HA has low crystallinity. Moreover, the sample C-
2 releases high Mg content (534 mg/1) after soaking in
TRIS-HCI buffer. The highest Mg content can be ex-
plained by the complete dissolution of Ca,MgSi,O, and
Ca;Mg(Si0,),.

IV. Conclusions

Two novel glass-ceramics in CaO-SiO,-P,0,-MgO
system were synthesized via polystep sol-gel method.
After thermal treatment of the dried gels at 1200 °C for
2 hours XRD proved the presence of whitlockite and
cristobalite in the sample with molar ratio Ca+Mg/Si+P
= 1, and silicocarnotite, akermanite, and merwinitein
the sample with molar ratio Ca+Mg/Si+P = 2.18. FTIR
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280 25 204 286 2 20 292 M4 M5 M3 30 32 34 W 10 AR 44 1% 1B 5B 50 52 54 5%
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Figure 9. XPS spectra of narrow scans for immersed C-1 and C-2 glass-ceramics in TRIS-HCI buffer for 14 days in static
conditions: a) Cls, b) Ca2p, c¢) P2p, d) Ols and e) Si2p
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Table 2. Quantified XPS results for C-1 and C-2 glass-ceramics, after soaking in TRIS buffer for 14 days

Binding energy (BE) [eV]

Cls Ca2p

P2p

Ols Si2p

C-1 C-2
285.0 285.0
286.9 286.7

C-1 C-2
347.0 347.0
3479 3485

C-1
134.0

C-2
1342 532.0 532.0
1351

C-1 C-2 C-1 C-2

103.5 102.4
1044 104.4

533.5 5325

534

447

Samples

o N X

BC-1

147

Concentration, mg/l

*—'\; N

44 4p

h

&

Ca P Si

Elements

Mg

Figure 10. ACP-AES for C-1 and C-2 glass-ceramics after
exposure in TRIS-HCI buffer for 14 days in static conditions

of the prepared samples showed the presence of basic
absorption bands, corresponding to the different chemi-
cal bonds and crystalline phases in agreement with XRD
data. SEM depicted the presence of heterogeneous sur-
face consisted of irregular particles with different mor-
phology depending on the compositions of the gels for
the two prepared glass-ceramics.

After immersion of the studied glass-ceramics in
TRIS-HCI buffer solution for 14 days in static con-
ditions, XRD could not detect the presence of aker-
manite and merwinite phases. On the other hand whit-
lockite and cristobalite were partially dissolved in the
buffer media. FTIR data are in accordance with XRD
analysis. Furthermore, FTIR revealed the presence of
some CO32‘ bands, i.e. after soaking carbonate apatite
(CO;HA) may be formed on the surface of the prepared
glass-ceramics. On the basis of FTIR results we can
assume the A-type and B-type CO;HA formed on the
surface. SEM images of these samples showed that the
surface of the soaked samples was fully covered with
the carbonate apatite layer with different morphology.
XPS analysis proved the presence of Cls, Ca2p, P2p
and Si2p bonds, i.e. silicon containing carbonate apatite
(Si-CO;HA) could be formed on the surface of the pre-
pared glass-ceramics after soaking in TRIS-HCI buffer
solution.
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