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A B S T R A C T

Recently, calcium phosphate/montmorillonite composites have received attention as a synthetic bone substitutes.
In this study, apatitic calcium phosphate/Montmorillonite nano-biocomposites were in-situ synthesized at 22 �C
by reaction between calcium hydroxide and orthophosphoric acid in the presence of different contents of
montmorillonite (MNa). Fourier Transform Infrared Spectroscopy (FTIR), X-ray Diffraction (XRD), Transmission
Electron Microscopy (TEM) and Brunauer–Emmett–Teller (BET) surface areas were used to characterize the
prepared powders. The XRD results show that the composites prepared with 2 and 5 wt% MNa and sintered at 900
�C, show the formation of hydroxyapatite (HAP) structure, whereas that prepared with 10 wt% MNa leads to the
formation of β-tricalcium phosphate (β-TCP) structure. The HAP structure decomposes at 1000 �C and leads to the
formation of biocomposite containing HAP, β and α-TCP. However, β-TCP composites show thermal stability. FTIR
and structural refinement results show the incorporation of clay ions into the apatitic structure causing changes in
the crystal structure of the formed calcium phosphate phases. The changes in the composition and structure lead
to an increase in the dissolution rate of HAP and a decrease in that of β-TCP.
1. Introduction

Hydroxyapatite (Ca10(PO4)6(OH)2: HAP) is widely used as a bone
substitute due to its structure similar to the mineral part of the bone
tissue [1]. However, HAP has several disadvantages, such as slow
biodegradation during the repair of bone defects [2]. Tricalcium phos-
phate β (Ca3(PO4)2: β-TCP) has also received considerable attention as a
bone substitute for its excellent biodegradation and good biocompati-
bility [3, 4]. However, although β-TCP is biocompatible, it shows a weak
bioactivity [5]. Recently, it was reported that the chemical and biological
properties of HAP and β-TCP may be improved by their association with
metals [6], organic compounds [7] or by the substitution of foreign ions
in their crystal structure as Naþ [8, 9], Mg2þ [10], Sr2þ/F� [11], SiO4

4�

[12] and Al3þ [13]. Biological apatite is non-stoichiometric due to the
presence of a different oligo-elements as Zn2þ, Mg2þ, Naþ, CO3

2�- [14,
15], which play an important role in biological processes related to bone
and connective tissue development [16, 17].

Montmorillonite belongs to Smectites group which the individual
layers are composed of a central octahedral of aluminum hydroxide sheet
fused in between two silica tetrahedral sheets. The layers of montmor-
19 March 2022; Accepted 18 Jul
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illonite-clay carry a negative charge due to isomorphous substitution in
tetrahedral (Al3þ for Si4þ) and octahedral (Mg2þ for Al3þ) layers, which is
compensated by exchangeable alkaline or earth alkaline cations as Kþ,
Naþ, Ca2þ occupying interlayer space [18]. Therefore, montmorillonite
has a high swelling capacity, high cation exchange capacity and large
surface area [19]. These properties make montmorillonite-clay useful in
pharmaceutical applications as excipients, as drug delivery system [20,
21], or associated with polymers, metals or ceramics to prepare bio-
composites [22, 23, 24, 25, 26]. Indeed, in recent years thedevelopment of
composite based on calcium phosphate/montmorillonite has attracted
great attention for biomedical applications. Several studies have reported
the preparation of hydroxyapatite/montmorillonite composites either by
precipitation in an aqueous medium [23, 27, 28, 29] or by sintering
method [24, 25]. Various studies have reported an improvement of the
mechanical and biological properties of the calcium phosphate/-
montmorillonite composite [23, 27, 28, 29, 30, 31].

In recent study the authors reported the preparation of β-tricalcium
phosphate/montmorillonite composite by sintering powder of apatitic
tricalcium phosphate in the presence of Na-montmorillonite (MNa)
[26]. We showed that the thermal interaction between calcium-apatite
y 2022
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Figure 1. XRD patterns of as-synthesized powders a) AP-0MNa, b) AP-2MNa, c) AP-5MNa and d) AP-10MNa.

Figure 2. XRD patterns of sintered samples at 900 �C: a) AP-0MNa, b) AP-2MNa, c) AP-5MNa and AP-10MNa.
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and MNa leads to the formation and stabilization of β-TCP substituted
by clay ions. We have also reported, in other works, that during the
sintering, interaction of MNa and apatite powders with two desired
Ca/P molar ratios (1.660 and 1.623) led to the decomposition of apatite
and formation of composite ceramics comprising HAP, β and α-TCP
[25].

In the literature, it is increasingly known that the combination of
calcium phosphate and montmorillonite leads to better biological and
mechanical properties of the resulting composites. The main advantage
of these biomaterials can be their ability to release: Ca, P and clay ions as
silicon, sodium and magnesium which stimulate bone growth and ensure
good biological compatibility. Therefore, the development of new ma-
terials combining hydroxyapatite, tricalcium phosphate and montmoril-
lonite may be of great interest for various medical applications and it
becomes necessary to understand the effect of the clay phase on their
composition and structure.

The present study concerns the development of new class of bio-
composites combining apatitic calcium phosphate and montmorillonite.
2

We have prepared, by in-situ precipitation in an aqueousmedium, apatitic
calcium phosphate/montmorillonite nano-biocomposites. We have
studied the effect of the clay phase on the structure, composition, thermal
stability and dissolution of the resulting composites.

2. Materials and methods

2.1. Materials

The starting reagents were Na-montmorillonite, CaCO3 and H3PO4.
The sodium montmorillonite (MNa) (Cloisite-Naþ) was obtained from
Southern Clay Products, Inc. The cation exchange capacity (CEC) is 92.6
meq/100 g of montmorillonite. The composition of MNa as follows (wt
%): Na2O 7.223, MgO 4.133, Al2O3 19.986, SiO2 56.851, P2O5 0.022,
K2O 0.442, CaO 0.698, MnO 0.053, TiO 0.368, and Fe2O3 7.936.

CaCO3 (Skora, Analytical grade) and H3PO4 (Merck, Analytical grade)
were selected as starting chemical precursors for calcium and phosphorus
elements.



Figure 3. XRD patterns of a) dried AP-5MNa at 105 �C and heat treated at b)
200 �C, c) 500 �C, d) 700 �C, e) 900 �C, f) 1000 �C and g) 1100 �C.

Table 1. Characteristics of prepared samples: AP-2MNa, AP-5MNa and theoret-
ical hydroxyapatite HAPTHE.

Samples a (Å) c (Å) V (Å3) Dind D300 (nm) D002 (nm)

HAPTHE 9.4190 6.8800 529.16 3.07 - -

AP-2MNa 9.4044 6.8664 525.92 13.34 61.21 92.23

AP-5MNa 9.4080 6.8690 526.52 27.55 28.62 48.01

M. Jamil et al. Heliyon 8 (2022) e10042
2.2. Powder synthesis

The neutralization method, previously reported by Elouahli A. et al
[32], was used for the synthesis of apatitic calcium phosphate/MNa
(AP-MNa) composite. This method is non-polluting; the reagents are
simple without any counter ions. Initially, the calcium oxide powder,
prepared by sintering CaCO3, was dispersed in bidistilled water. MNawas
added as a fine powder, under stirring, in a suspension of Ca(OH)2 (0.5
mol/L) with concentration of 2, 5 and 10% by weight relative to the
weight of apatite. The orthophosphoric acid solution (1 mol/L) was
added at 22 �C with an addition rate of 33 ml/min to the MNa-Ca(OH)2
suspension using vigorous stirring (470 rpm). The Ca/Pmolar ratio of the
reagents was 1.50 � 0.02. The resulting precipitates were filtered, dried
at 105 �C overnight and stored at grain size less than 125 μm.

According to the added quantity of MNa (x), the AP-xMNa nano-
composites are named: AP-0MNa, AP-2MNa, AP-5MNa and AP-10MNa.

The prepared AP-5MNa and AP-10MNa composites were heat treated
at different temperatures until 1100 �C for 3h under air atmosphere.
2.3. Characterization

Infrared spectra of powders were carried out on a Fourier Transform
Spectrometer (SHIMADZU FTIR-8400S) in the spectral range of
Figure 4. XRD patterns of a) dried AP-10MNa at 105 �C and
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400–4000 cm�1 with a resolution of 4 cm�1 and 20 scans. The powder
samples were mixed and ground with KBr (1%) and then pressed in a 13
mm die.

Phase compositions of the dried and sintered powders were deter-
mined by a BRUKER D8 ADVANCE diffractometer using copper Kα ra-
diation (λ ¼ 1.5406 Å). FullProf program (WinPLOTR 2017) was used to
perform the structural characterization for the prepared samples. The
distortion of the structure can be estimated from the distortion of the PO4
tetrahedrons. The tetrahedral distortion index was calculated according
to Eq. (1):

Dind ¼
P6

i¼1ðOPOi �OPOmÞ2
6

(1)

where OPOi represents the six angles between P and the four O atoms of
the phosphate tetrahedron and OPOm is the average angle (around
109.17�).

The Scherrer formula (Eq. (2)) was adopted to calculate the crystallite
size of the calcined samples [33, 34]:

L¼0:9λ=βcosθ (2)

where λ is the wavelength of the used Cu-Kα radiation, β is the full width
at the half maximum of the HAP line and θ is the diffraction angle.

The concentrations of calcium, phosphorus and silicone were deter-
mined by inductively coupled plasma atomic emission spectrometry
(ICP-AES) (ThermoJarrel Ash. Atom Scan 16). Specific surface area was
measured by the BET method (Micromeritics ASAP 2010). The micro-
structure of samples was examined through Electron Microscopy TEM
(TalosF200S).

2.4. Dissolution tests

The dissolution tests were conducted in acidic medium at pH 4.8 �
0.2 related to the in vivo degradation of the phosphocalcic implants [35,
36]. The sintered powders at 900 �C for 3 h were ground and 125
heat treated at b) 900 �C, c) 1000 �C and d) 1100 �C.



Table 2. Characteristics of prepared samples AP-0MNa and AP-10MNa.

Samples a (Å) c (Å) V (Å3) Dind D300 (nm) D214 (nm)

AP-0MNa 10.4128 37.3645 3508.5608 25.26 81.63 87.80

AP-10MNa 10.3884 37.3413 3489.9490 29.09 96.65 94.60
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μm-sieved. 200 mg of powder was soaked under agitation in acetate
buffer solution (100 ml) with pH ¼ 4.8 � 0.2 and temperature of 37.0 �
0.1 �C for various periods. After soaking, the liquid phase was separated
and the ionic concentration of the solution was analyzed by ICP-AES.

3. Results and discussion

3.1. Structural analysis and rietveld refinement

The XRD patterns of as-synthesized powders AP-xMNa are presented
in Figure 1. Overall, the XRD peaks in the all patterns are wide and reveal
the formation of a single phase, with a low crystallinity, characteristics of
apatitic structure (ICDD-PDF n� 09–0432). Figure 1(d) indicates the
presence of diffraction peaks characteristics of MNa phase visible in the
case of AP-10MNa sample.

XRD patterns of the calcined powders at 900 �C are given in Figure 2.
The XRD pattern (Figure 2(a)) of the powder AP-0MNa, prepared without
MNa, shows a single well-crystalized phase corresponding to β-TCP
(ICCD-PDF n� 09–0169). Indeed, the apatitic tricalcium phosphate
transforms after calcination to β-TCP phase according to Eq. (3), in
relation with the Ca/P molar ratio of reagents (Ca/P equal to 1.50).

Ca9ðHPO4ÞðPO4Þ5ðOHÞ→3Ca3ðPO4Þ2 þ H2O (3)

While, XRD patterns (Figure 2b and c) of AP-2MNa and AP-5MNa
composites show the formation of crystallized HAP phase (ICCD-PDF
n� 09–432). However, the XRD pattern of the AP-10MNa composite
shows the formation of β-TCP phase.

The results show that the addition of MNa affected the type of the
formed calcium phosphate phases in the composites. This suggests that
there is an incorporation of the clay ions into the apatitic structure sta-
bilizing HAP or β-TCP structure, depending to the amount of the added
MNa. This incorporation of clay ions takes place particularly during the
precipitation of apatitic crystals. This was confirmed by the case of
preparation where the clay was added after the addition of orthoph-
Figure 5. FTIR spectra of the dried powders: a) AP-0M
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osphoric acid (i.e. after precipitation of the apatitic calcium phosphate).
In this case, a β-TCP structure which formed independent on the amount
of MNa (results not shown).

The incorporation of clay ions into the apatitic structure can have two
origins. The first source is the ionic exchange between interlayer cations
of montmorillonite and cationic species in the medium because Na-
montmorillonite is characterized by a very high cation exchange capac-
ity. The second source is the partial dissolution of MNa in the nucleation
medium because the montmorillonite dissolves in a basic medium and
that its dissolution rate increases with increasing pH and temperature
[37, 38]. In this study, MNa was added to a high alkaline suspension of
calcium hydroxide (pH ¼ 12) which promotes a partial dissolution of
MNa and therefore the clay ions (e.g. SiO4

4�, Al3þ, Mg2þ and Naþ) can be
released into the medium and incorporated into the apatitic structure
during its nucleation.

The insertion of clay ions into the apatitic structure can also take
place during calcination. Indeed, in recently work, we have prepared
β-tricalcium phosphate bioceramics by sintering process at 900 �C of
apatitic calcium phosphate powder (molar ratio Ca/P 1.50) in the pres-
ence of MNa [26]. We have found that during sintering, interaction
apatite-MNa led to the incorporation of clay ions into the apatite struc-
ture which stabilized the formed β-TCP. More recently, we have also
reported that, during the sintering, an interaction between MNa and
apatite powders with two desired Ca/P molar ratios (1.660 and 1.623)
have led to the decomposition of the apatite, at relatively low tempera-
ture, and formation of composite ceramics comprising HAP, β and α-TCP
[25]. So, the obtained results confirm the incorporation of clay ions and
decomposition of the apatitic structure during the heat treatment.

In the present study, the incorporation of clay ions into the apatitic
structure with atomic ratio Ca/P equal to 1.50 takes places principally
during its nucleation. Depended on the amount of MNa, the bio-
composites sintered at 900 �C leads to the formation of the HAP or β-TCP
structure. For low amounts of MNa, the incorporation of clay ions pro-
motes the formation of HAP structure. However, for high amounts of
MNa, the incorporation of clay ions stabilizes a β-TCP structure. The
substitution of a sufficient quantity of the Mg clay ion seems to lead to the
stability of the TCP phase. Indeed, various studies have reported that Mg
ions stabilize the β-TCP phase, even in small quantities [39, 40].

The AP-5MNa and AP-10MNa composites were subjected to heat
treatment at different temperatures until 1100 �C in order to analyze
their thermal behavior.
Na, b) AP-2MNa, c) AP-5MNa and d) AP-10MNa.



Figure 6. FTIR spectra of the sintered samples at 900 �C: a) AP-0MNa, b) AP-2MNa, c) AP-5MNa and d) AP-10MNa.
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Figure 3 shows the XRD patterns of dried and heat treated AP-5MNa
at temperature from 200 �C to 1100 �C. The diffraction peaks of the dried
powder are wide which reveal a low crystallinity of the as-synthesized
apatite. This phase became better crystallized in between 700 �C and
900 �C. Two new phases: β-TCP and α-TCP appear at 1000 �C and their
diffraction intensities increase with increasing temperature. These results
indicate the decomposition of the HAP structure leading to the formation
of α-TCP phase at a relatively low temperature. We specify that the α-TCP
is generally stable at higher temperatures (>1125 �C) [41, 42].

However, as shown in Figure 4, the XRD patterns of the sintered AP-
10MNa until 1100 �C show a single β-TCP phase and the absence of any
other phase. This result reveals that the quantity of Mg involved during
the apatite-MNa interaction stabilizes the β-TCP structure in accordance
with the previous study [26].

The Rietveld refinement results of the calcined powders AP-xMNa at
900 �C are presented in Tables 1 and 2.

The results (Table 1) show that the crystalline parameters (a and c)
and the cell volume of the HAP decreased with the addition of 2 wt% of
MNa compared to theoretical values, and then increase slightly with the
Figure 7. FTIR spectra of the AP-5MNa powder as a function
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addition of 5 wt% of MNa. These structural changes cause a distortion of
the crystal lattice of the HAP structure. Indeed, the distortion index Dind
undergoes an increase with the increase of the MNa content.

The results of Table 2 show that the crystal parameters (a and c) and
the cell volume decrease of the β-TCP with the addition of 10 wt% MNa,
compared to the pure β-TCP. However the distortion index Dind un-
dergoes an increase with the increase of the MNa content.

The results reveal that MNa affected the thermal stability and the
crystalline parameters of the formed calcium phosphate phases which
confirm the incorporation of clay ions in to the apatitic structure.

3.2. FTIR analysis

The FTIR spectra of the dried AP-xMNa (x ¼ 0, 2, 5 and 10 wt%)
powders are presented in Figure 5. All FTIR spectra show the presence of
the vibration bands characteristic of an apatitic structure. The vibration
bands attributable to H2O (around 3446 and 1636 cm�1), HPO4

2� groups
(875 cm�1) andhydroxyl ionsOH� (630, 3568cm�1) arenoted. Thebands
around 1107, 1026, 962, 571, 601 and 474 cm�1 attributable to the
of heat treatment at temperature from 200 �C to1100 �C.



Table 3. Specific surface area values of the synthesized powders.

Sample AP-0MNa AP-2MNa AP-5MNa AP-10MNa

SSA (m2 g�1) 80.00 100.15 90.47 52.99
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vibrations of PO4
3� groups. We can also observe the presence of bands

around 1419 and 1456 cm�1 attributed to carbonates CO3
2�.This is due to

the incorporation of atmospheric CO2 in the alkaline Ca(OH)2-MNa
medium.

The FTIR spectra of the sintered powders at 900 �C for 3h are pre-
sented in Figure 6. The FTIR spectrum (Figure 6(a)) of the sintered
reference sample AP-0MNa shows the bands at 552, 606, 945, 973, 1043
and 1121 cm�1 attributed to the vibration of PO4 groups in the β-TCP
structure. FTIR spectra (Figure 6b and c) of the sample AP-2MNa and AP-
5MNa show the bands of PO4 groups (1090, 1041, 962, 602, 568 and 474
cm�1) and OH group (3571 and 632 cm�1) characteristic in hydroxy-
apatite structure. In addition, we can observe two new bands located at
890 and 500 cm�1 attributed to the vibrations of the Si–O bond in the
SiO4 group [43]. As shown in Figure 6b and c, there is loss intensity in
OH� bands (3571 and 632 cm�1) and the PO4

3� groups (especially at 962
cm�1). This behaviour was associated with the incorporation of SiO4

4� in
the HAP structure [44].

FTIR spectrum of the sample AP-10MNa (Figure 6(d)) reveals the
bands attributed to the vibration of PO4

3� groups (553, 604, 946, 973,
1045 and 1124 cm�1) characteristic of the β-TCP structure. Additionally,
a new band is observed at 890 cm�1 attributed to vibrations of SiO4

4�

groups [26, 43].
Figure 7 shows the FTIR spectra of the AP-5MNa powder as a function

of heat treatment at temperature from 200 �C to 1100 �C. The CO3
2�

bands disappeared between 700 �C and 900 �C and the OH� bands
Figure 8. Size distribution of particle of as-dried samples: a) AP-0MNa and b)
AP-10MNa and calcined at 900 �C: c) AP-0MNa and d) AP-10MNa.
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intensities increased and became more intense at 900 �C. In addition, a
new band appears at 890 cm�1 attributable to the SiO4

4� group [25, 43].
At 1000 �C, we can see the OH� bands loss indicating the decomposition
of the HAP structure, in accordance with XRD results.

3.3. Specific surface area and size distribution

The specific surface area (SSA) results of as-dried powders are given
in Table 3. It resulted that SSA value of the reference sample AP-0MNa
prepared without MNa is close to 80 m2/g. Addition of 2 wt% of MNa
induces an increase in SSA value which attained 100.15 m2/g. Further
addition of MNa decreases in the SSA values of the nano-composites
which attained 90.47 and 52.99 for AP-5MNa and AP-10MNa, respec-
tively. The decrease in SSA value may be due to a decrease in the size of
the crystals formed and/or to a change in the microstructure of the nano-
biocomposite.
Figure 9. TEM images of as-dried particles: a) AP-0MNa, b) AP-2MNa and c)
AP-10MNa.



Figure 10. Schematic illustration of the microstructure of powders prepared with and without MNa.
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Analyses of the particle size distribution were carried out on the dried
and calcined powders (Figure 8). Two granulometric classes (0.166–7.9
μm and 7.9–291.6 μm) were identified for dried powders prepared
without and with MNa (AP-0MNa and AP-10MNa). However, we can
notice that the first population is slightly wider in the case of bioco-
mposite.

After calcination of AP-0MNa and AP-10MNa samples at 900 �C, two
granulometric classes (0.166–7.9 μm, 7.9–291.6 μm) were identified and
also a new population at 250–1666 μm was identified as majority
Figure 11. Dissolution rate of AP-2MNa and AP-5MNa composites: a) Ca2þ and
b) SiO4

4�.
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population for the sample AP-0MNa. For AP-10MNa, the particle size
distribution has two populations: 1–125 μm and 125–1250 μm as ma-
jority population. These results indicate that the fine particles agglom-
erate in the presence of a significant amount of clay. Clay mineral
therefore promotes the formation of compact microstructures when it’s
added in large quantity.

3.4. Transmission electron microscopy (TEM)

The TEM analysis has been investigated on the powders after drying
at 105 �C. The micrograph (Figure 9(a)) of AP-0MNa powder shows
nano-particles with an average value of 33.41 nm in length and 4.23 nm
in width. In the case of apatite synthesized with 2 wt% of MNa, the result
(Figure 9(b)) shows that the size of the crystals becomes smaller with a
decrease in the length which takes an average value of 22.66 nm.
However, in the case of apatite synthesized with 10 wt% of MNa, the
result (Figure 9(c)) shows small particles forming the agglomerates.

These results are consistent with specific surface area value. The
incorporation of clay ions in to apatitic lattice leads to a decrease in the
size particle and an increase in the specific surface. These results are in
agreement with the literature which reports that the Si and Mg ions
inhibit the grain growth of hydroxyapatite [44, 45].

Based on the results obtained in this study, we have graphically
represented in Figure 10 the microstructure of the prepared powder
composed of apatite tricalcium phosphate and of the apatite/MNa bio-
composites. The graph shows that the addition of MNa reduces the size of
the apatitic nanoparticles. A small amount of MNa improves their
dispersion while higher amounts promote their agglomeration.

3.5. Dissolution behaviour

The biological properties of a composite material depend on its
structure, microstructure and constituent materials. Biodegradation of
biocomposites might be simulated by their dissolution in acidic solution.
Therefore, establishing a dissolution comparison of calcium phosphates
in acid medium appears to be of the paramount importance for the sin-
tered biocomposites prepared in this study.

The results of dissolution tests are presented in Figures 11 and 12. The
results show that the dissolution properties of the composites were
affected by MNa. For both samples AP-2MNa and AP-5MNa with HAP
structure, the concentration of Ca2þ and SiO4

4� increased rapidly during
the first hour of immersion. After 1h, the concentration of Ca2þ and
SiO4

4� remained unchanged over time for AP-2MNa, but for AP-5MNa the
dissolution rate continues to increase. The sample AP-5MNa shows
significantly higher Ca2þ and SiO4

4� dissolution than AP-2MNa sample.



Figure 12. Dissolution rate of AP-0MNa and AP-10MNa composites: a) Ca2þ

and b) SiO4
4�.
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This result is in agreement with the literature which reports that the
dissolution rate of HAPwas improved with incorporation of ions as SiO4

4�

[46], Mg2þ [47] and Naþ [48].
For both samples AP-0MNa and AP-10MNa with β-TCP structure, the

concentration of Ca2þ also increased rapidly during the first hour. After
1h, the concentration of Ca2þ remained unchanged over time for both
samples. The composite AP-10MNa shows significantly lower dissolution
than the reference sample AP-0MNa prepared without MNa. The SiO4

4�

dissolution of AP-10MNa was faster during first hour. After 1h, the
concentration of SiO4

4� decreased and then remained constant. Hesaraki
et al have reported the dissolution behavior of porous bodies (HAP/
β-TCP) with and without MNa in Ringer’s solution [23]. It was found that
the addition of MNa decreased the dissolution rate of the porous bodies.
A decrease in dissolution may be due to the presence of agglomerates.

On the other hand, it was reported that the dissolution rate of β-TCP
decreased with incorporation of ions as Mg2þ [49, 50]. In our work, the
simultaneous cationic and anionic incorporation of clay ions (e.g. SiO4

4�,
Al3þ, Mg2þ and Naþ) caused a significantly changes in the calcium
phosphate structure of composites ceramics, which can explained the
effect of MNa content on their dissolution behaviour.

The results show that in-situ precipitation of apatite/montmorillonite
allowed us to develop a new class of biphasic and multiphasic phos-
phocalcic silicate composites.

The richness in trace elements makes clay a formidable mineralizer
and the main advantage of the prepared biocomposites is their ability to
release: Ca2þ, PO4

3� and clay ions like SiO4
4�, Naþ and Mg2þ, which

stimulate bone growth and ensure good biological compatibility. So the
contribution in the form of separate phases of the elements necessary for
8

the formation of bone can constitute a new way to improve the bioac-
tivity of phosphocalcic biomaterials.

4. Conclusion

In this study, apatitic calcium phosphate/MNa nano-composites were
in-situ synthesized by reaction between calcium hydroxide and ortho-
phosphoric acid (Ca/P atomic ratio ¼ 1.50) in the presence of mont-
morillonite. The effect of amount of MNa on composition, structure and
dissolution of the prepared composites was investigated. The results
show that the MNa affected the composition and the type of the formed
calcium phosphate phases by incorporation of clay ions into the apatitic
structure. The content of MNa less than 10 wt% leads to the formation of
HAP structure which decomposes at 1000 �C leading to the formation of β
and α-TCP as secondary phases. However, the content of 10 wt% MNa
stabilizes the β-TCP structure. The changes in the composition and crystal
structure affect the dissolution properties of the prepared composites by
increasing dissolution rate of HAP and a decreasing dissolution rate of
β-TCP. The composition and improved dissolution of the multiphasic
phosphocalcic silicate composite developed make it a potential synthetic
bone substitute.
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