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Abstract: Calcium phosphates are the major 
inorganic compound found in hard human 
tissues, being then the main material used to 
mimetite bone tissues, and considering the 
increase in the expectation and quality of life,  
the development of biomaterials for tissue 
regeneration is of great importance and their 
demand increases every day. In this work, it 
was studied the influence of freeze-dry method 
for the synthesis of nanocrystals of calcium 
phosphates in the tricalcium phosphate 
(β-TCP) phase due to its similarity with 
the natural bone. This procedure affects the 
morphologic and crystallinity characteristics 
of the β-TCP phase. X-ray diffractograms 
confirmed a higher degree of crystallinity in 
the β-TCP freeze-dried. Scanning electron 
microscopy (SEM) histograms from the 
images of both samples confirmed that the 
freeze-dried one has presented a narrower 
particle size distribution with 150 nm average 
diameter particles, conferring it a technological 
advantage for bone regeneration applications 
to prevent the immunological adverse effects.
Keywords: Tissue engineering, Calcium 
phosphates, biomaterial, lyophilization.

INTRODUCTION
Included in the group of ceramic 

biomaterials are calcium phosphate derivatives, 
widely used in medical applications due to 
their similarity with biological apatite, found 
in an abundant form (about 65% to 70%) in 
the composition of bones and teeth [1–3]. Its 
synthesis occurs mainly by the reaction, in a 
wet chemical method, with phosphoric acid 
and calcium hydroxide through an acidic/
basic reaction, as exemplified in Equation 
1[4,5]

Ca(OH)2 
 + H3PO4 → Ca3(PO4)2 + H2O

Equation 1. 
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Calcium phosphates derivated can be 
differentiated and classified through their 
molar ratio between  calcium and phosphorus 
(Ca/P), which can variate from 0.5 to 2.0 [6]. 
The composition with the highest Ca/P ratio 
results in a compound with low solubility 
in neutral conditions and a low degradation 
rate [7,8]. Calcium phosphates with different 
stoichiometries can be obtained with 
changed synthetic parameters such as pH, 
temperature, pressure, and time reactions 
must be considered [9].

Among the calcium phosphate derivatives 
most widespread in biomedical applications 
are hydroxyapatite, calcium phosphate 
cement and tricalcium phosphates 
[10–12]. Hydroxyapatite (HA, formula 
Ca10(PO4)6(OH)) had a hexagonal crystalline 
system, is a biomaterial that has a unique 
advantage of implant/tissue adhesion, caused 
by its easy bone adaptation caused by its 
chemistry structure similarity with natural 
bone [13]. Due to its high insolubility (Ca/P 
= 1.67), its degradation in the human body 
occurs slowly, thus limiting its application 
[14]. The cements are an inorganic paste that 
harden due to the precipitation of one or more 
calcium phosphates, which can then be applied 
directly to the body and at room temperature. 
However, its disadvantage is related to the 
absence of micropores in its structure, thus 
preventing the growth of internal cells [15].

The tricalcium phosphates (TCP, 
Ca3(PO4)2), however also presenting four 
polymorphs forms, such as α, β, α’ and γ 
[16,17]. The difference in their polymorphs 
will then be found in the crystalline phase, 
resulting in differences in protein adsorption 
and solubility [18]. Β-TCP is composed of 
a rhombohedral crystalline system, and it 
is among the other polymorphs, the most 
studied phase due to its more excellent 
chemical stability and the characteristic of 
being better absorbable by the organism and 

interacting with the natural bone [19].
Due to its similarity with bone tissue, 

containing Ca/P = 1.5 and wettability of 
the surface, β-TCP allows nutrients to pass 
through its structure, thus facilitating bone 
growth in the desired region [20]. In addition 
to its wide use for filling fractures and bone 
cavities, β-TCP allows the exchange of 
ions Ca2+ and PO4

3- with the physiological 
medium [21,22]. To further improve the 
characteristics of β-TCP, the formation of a 
ceramic biomaterial with high crystallinity 
and homogeneity of particles, allowing 
easy interaction with natural bone with this 
biomaterial is essential for its medical use to 
be even more widespread. 

In this way, it is described in this work the 
influence of the freeze-drying method for 
the B-TCP synthesis and how this procedure 
affects the morphologic and crystallinity 
characteristics of the interest phase of this 
biomaterial.

EXPERIMENTAL SECTION
MATERIALS
Without any previous treatment, the 

following reagents were used: Calcium 
hydroxide (Ca(OH)2, 96.0%), and a saline 
phosphate buffer solution (PBS: 0.01 mol L-1 
phosphate, 0.135 mol L-1 NaCl and 0.002 mol 
L-1 KCl) were purchased from Sigma-Aldrich 
Brazil. Phosphoric acid (H3PO4, ACS 85.0%) 
was purchased from Synth Brazil.

SYNTHESIS OF CALCIUM 
PHOSPHATES
Through a wet chemical method, the 

precursor of β-TCP was synthesized [23]. 
The calcium hydrogen phosphate dihydrate 
(DCPD) phase was obtained by dropwising 
30 drops per minute of 200 mL phosphoric 
acid solution (0.6 mol L-1)  over 200 mL of 
calcium hydroxide solution (1.0 mol L-1) 
under mechanical stirring (300 rpm) during 
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three hour. The solution with DCPD was kept 
in rest for 2 h, the filtration was required for 
the removal of the aqueous medium. Two 
fractions of this sample were separated, one 
was freeze-dried and the other was dried 
at room temperature. For the obtention of 
β-TCP, both DCPD powder fractions were 
calcinated at 800 °C for three hour.

CHARACTERIZATION
Fourier transform infrared (FT-IR) spectra 

were recorded on a VERTEX 70 spectrometer 
from BRUKER with ATR module (Mid-
infrared absorption spectroscopy by 
attenuated total reflection (diamond crystal)) 
in the spectral range of 400–4000 cm−1, 
using the resolution set at 4 cm-1 and 64 
scans. The Scanning Electron Microscopy 
(SEM) images and Energy Dispersive X-Ray 
Analysis (EDX), for morphologic, size and 
composition determination, were obtained by 
JEOL JSM 7500F microscopy and the samples 
were coated by C. The crystalline phases 
were evaluated by X-ray powder diffraction 
(XRD) technique. XRD  were acquired using a 
Rigaku-Rint 2000 diffractometer with a CuKα 
radiation source. The samples were recorded 
from 5 to 80° of 2θ, with a step of 0.01°. The 
software ImageJ (version 1.45s) was used for 
image treatment.

RESULTS AND DISCUSSION
SYNTHESIS OF FREEZE-DRIED AND 
NON-FREEZE DRIED β-TCP
All the characterization of the DCPD 

precursor can be found in the supplementary 
data. To determine the best way to obtain 
β-TCP particles, a comparative study between 
the synthesis method using freeze-drying was 
carried out. The X-ray diffractogram presented 
in Figure 1 shows the samples of freeze-dried 
(β-TCP FD) and non-freeze dried (β-TCP N/
FD) compared to its standard. It is observed 
that the main diffraction peaks present in 

the β-TCP pattern are also present in both 
synthesized samples, corroborating that both 
calcium phosphates thus have the crystalline 
phase characteristic of β-TCP [19].

The β-TCP N/FD sample has in the region 
of 10 to 25 ° absence of crystalline periodicity, 
attributed to amorphous compounds and 
differences in intensity of some diffraction 
peaks when compared to the standard, possibly 
caused by the presence of other crystalline 
phases calcium phosphate in addition to 
β-TCP, such as the precursor DCPD. The 
β-TCP FD sample already has a much more 
crystalline behavior and its diffraction peaks 
directly coincide with the pattern.

The hypothesis raised to explain these 
differences is in the presence of water in the 
precursor DCPD used without being dried 
beforehand. The thermal energy used to 
form the β-TCP N/FD sample was also spent, 
throughout sintering, to remove all water from 
the system through evaporation. In contrast, 
for the β-TCP FD sample, this energy was used 
integrally for calcium phosphate phase change 
because due to the lyophilization treatment, 
this sample no longer had water. Thus, it is 
possible to conclude that the thermal energy 
applied in the lyophilized precursor enabled 
the formation of the β-TCP crystalline phase 
in a much more effective way and guaranteeing 
a high crystallinity index.

Figure 1: X-ray diffractogram comparing the β-TCP 
pattern with β-TCP N/FD and β-TCP FD samples.
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To confirm once again the presence of the 
main functional groups present in compounds 
derived from calcium phosphates, the 
infrared spectroscopy technique was used 
(Figure 2). the β-TCP N/FD and β-TCP FD 
samples do not have water-related bands, due 
to the sintering process occurring at 800 ° C. 
Infrared absorption bands at 500, 550, 900 
and 970 cm-1, found in the two samples, can 
be attributed to the PO4

3- ions [23]; the 1000 to 
1200 cm-1 region is related to the P = O bond; 
the last band found in both samples is the one 
found at 715 cm-1, characteristic of the P-O-P 
symmetrical mode [24]. All identified bands 
confirm the presence of the main functional 
groups present in β-TCP.

Figure 2: Spectra in the Infrared region of the 
β-TCP N/FD and β-TCP FD samples.

Through the thermogravimetric analysis 
it was possible to determine the thermal 
behavior of the β-TCP N/FD and β-TCP FD 
samples, as shown in Figure 3. For the β-TCP 
FD sample, the minimum mass loss is found, 
about 0.7% of the initial mass, due to the 
presence of free water adsorbed on the surface 
of the compost. The β-TCP N/FD sample, on 
the other hand, showed a loss of 1.9% of the 
initial mass, also associated with free water 
on the surface, as well as being the result of 
other residual crystalline phases of calcium 

phosphates being converted into β-TCP [25].

Figure 3: Thermogravimetric curve of the 
β-TCP N/FD and β-TCP FD samples.

SEM microscopy was used to determine 
the morphology of β-TCP N/FD and β-TCP 
FD samples. In Figure 4 (A and B) the size 
of the nanoparticles of β-TCP N/FD and 
β-TCP FD samples was compared. After the 
heat treatment it is possible to observe the 
following characteristics in the two samples: 
the formation of spherical (or globular) 
nanoparticles and massive growth of particles, 
causing a densification of the compound, as 
already reported in the literature [24].

Figure 4 shows the samples’ micrograph, 
where it is possible to observe (both samples 
Figure 4 A and C) the grain with morphology 
roughly formed by aggregates of spheres 
coalesced due to sintering of the material. The 
histograms (Figure 4 B and D) show an average 
size of 151 ± 27 nm and 157 nm ± 17 nm for 
the β-TCP N / FD and β-TCP N / FD samples, 
respectively, indicating a minor difference 
in the freeze-drying influence in the average 
grain size. Based on the mean and standard 
deviation, the polydispersity index of the 
grains was calculated, given by the square of the 
ratio of the standard deviation to the average 
size, the PDI values obtained were 0.032 and 
0.012, respectively indicating that the two 
materials obtained are monodisperse [26]. It 
clear that the FD process in the nanomaterial 
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directly influences the distribution of the 
grains and that the lyophilization of the 
material allowed the formation of material 
with more homogeneous sizes. Considering 
that the application of these compounds 
will be directed to bone substitution, the 
homogeneity and high degree of purity of 
the biomaterial is fundamental to prevent the 
occurrence of infections, inflammations, and 
adverse allergic reactions in the patient’s body.

The qualitative analysis of the main 
elements presents in the samples of β-TCP 
N/FD and β-TCP FD samples was carried 
out again using X-ray energy dispersive 
spectroscopy (EDX), Figure 5 (A and B). The 
presence of oxygen, calcium, phosphorus was 

again observed, being yet another indication 
of the presence of the β-TCP phase in samples 
derived from DCPD.

CONCLUSION
Using the wet chemical method already 

reported in the literature, it was possible to 
successfully synthesize the precursor DCPD. 
The use of the pre-treatment of freeze- 
drying of DCPD by lyophilization proved to 
be effective so that the synthesized β-TCP 
had homogeneity and high crystallinity in 
its calcium phosphate particles. The freeze-
drying process ensured that the particles 
obtained a smaller average size, compared to 
the non-freeze-dried samples. Thus, the pre-

Figure 4: SEM and nanoparticle size distribution chart of the (A) β-TCP N/FD and (B) β-TCP FD samples.



7
Journal of Engineering Research ISSN 2764-1317 DOI 10.22533/at.ed.3172172202086

treatment of freeze-drying confirmed to be 
an adequate and simple technique to obtain 
nanocrystalline calcium phosphates for bone 
regeneration applications.
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Figure 5: EDX of the (A) β-TCP N/FD and (B) β-TCP FD samples. 
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