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The nanoparticles of Na+,0032_-containing hydroxyapatites have been prepared from
aqueous solutions for system Na+—Ca2+—N03_—0032_—PO43_ at molar ratio of Ca/P = 1.67:1
and 0032_/PO43_ =0, 1.0, 2.0, 3.0. Thermal transformations of the obtained phosphates
have been established for the temperature range of 80-900°C. The obtained complex-sub-
stituted HAP have been investigated using IR spectroscopy, scanning electron microscopy,
X-ray diffraction and thermogravimetry.

CUHTEe3MpPOBAHLI HAHOUACTHUI[LI Na*,COf‘-coaepmamnx TUIPOKCUATIATUTOB B BOJSHLIX
pacTBopax CHCTEMBI Na*—Ca2+—N03_—CO32_—PO43’ (monbHBIe coorHomenusa Ca/P = 1.67 u
CO32_/PO43_ =0, 1.0, 2.0, 3.0). PaccMOTpeHBI TEpMUYECKNE IPEBPAILLCHUA CHUHTC3HPOBAH-
HBIX 00pasioB B TeMnepatrypHoMm muHTepBasie 80—900°C. PacecMoTpeHB TepMHUYecKHe MIPEBpPA-
IIeHNA CHHTE3NPOBAHHBIX 00pasuoB B TemieparypHom wuHrepBase 80-900°C. IloayuenHsbie
CJIOMKHO3AMEIIeHHbIe TUIPOKCHUAIIATATELI MCCIEIOBAHLI ¢ MCIOJIb30BaHreM MmeronoB MK-crmexTpo-
CKOIINY, CKAHUPYIOI[e MUKPOCKOIINN, IIOPOIIKOBOM PEHTreHOrpadny U TEPMOTPABUMETPUU.

CHHTEe3 HAHOYACTHHOK Na+,CO32_-BMiCH1{X kKaasnii ¢ocdarie Ta ix TepmiuHi meperso-
penaa. Al.Manuwenxo, H.JIO.Cmpymuncovrka, I.B.3amoscvruii, M.C.Cro6odanurx, M.Ennuae,
Olpumax.

CHuHTEe30BaHO HAHOYACTUHKIU Na+,0032_—BMiCHI/IX rizrpokcuanmaTuTiB y BOZHUX PO3-
YMHAX CHCTEMU Na+—Ca2+—N03‘—COSZ‘—PO43196 (MonbHI cuisBigmomenus Ca/P = 1.67
Ta CO32_/PO43'=0, 1.0, 2.0, 3.0). PosraauyTo TepMiuHi NEpPETBOPEHHS CUHTE30BAHUX
spaskiB y remmneparypuomy inTepsasi 80-900°C. Ogmepsxani ckiaagHosaMmimieni rizpoxcoara-
TATHA AOCHIIKeHO 3 BHKopucTaHHaM wmeroniB IY-cmexkrTpockKomii, cKaHyuol eleKTpOoHHOIL
MiKkpocKoiii, mopomkoBoil perTremorpadgii Ta repmorpasimerpii.

© 2014 — STC "Institute for Single Crystals”

1. Introduction

Apatite-related calcium phosphates have
wide applications in medicine as an im-
plants or dental materials due to their high
biocompatibility [1-4]. For this reason
many research are dedicated to investiga-
tion of calcium phosphates formation pecu-
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liarities and their properties. It is known,
that complex substituted hydroxyapatite
(HAP, Ca;p(PO4)(OH),) is a basic compo-
nent of bone inorganic part [1-3, 5]. The
main substitutes of caleium atoms in HAP
structure are sodium, magnesium (from 0.5
to 1.0 mas.%) and less amount of potas-
sium (0.03-0.1 mas.%) [4, 6-9]. At the
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Fig. 1. XRD patterns of samples No.1l (a) and No.3 (b), dried at 80°C (1) and heated to 700°C (2).

same time, some part of phosphate groups
is substituted by carbonate (to 8.0 mas.%)
[5, 6]. Such cation-anion substitution influ-
ences on physical and chemical properties of
biohydroxyapatite. It should be noticed,
that nowadays there are plenty of manu-
scripts dedicated to obtaining of complex
substituted apatites [1-5, 12, 13] including
Na+,0032_-containing HAP [4, 6-11]. How-
ever correlation between synthesis condi-
tions, composition, morphology and frac-
tional composition of particles is poorly
studied issue. An establishment of possibil-
ity of thermal treatment influence on char-
acteristics mentioned above is also interest-
ing. Detailed investigation of such correla-
tions is one of the key aspects in the
development of methodology for obtaining
materials not only with a desired composi-
tion, but also with controlled particle size
of the complex substituted calcium phos-
phates.

Herein, the results of investigation of
Na+,0032_-containing calcium phosphates
formation in aqueous solutions of system
Na*—Ca?*-NO5;—C0O42—P0O,3~ (molar ratios
Ca/P = 1.67 and CO42/PO,% =0, 1.0, 2.0,
3.0) are represented. Peculiarities of the
thermal transformations of obtained sam-
ples have been studied in the temperature
range of 80-900°C. Prepared complex sub-
stituted HAPs have been characterized by
FTIR-spectroscopy, scanning electron mi-
croscopy, X-ray powder diffraction and
thermogravimetry.

2. Experimental

Synthesis of the samples was carried out
from aqueous solutions for system Na*t—
Ca?*-NO3—C04>—-PO,3~ at fixed molar
ratio Ca/P = 1.67 and different containing
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of carbonate in initial solution COz27/PO,%
=0, 1.0, 2.0, 3.0 (samples No.1-4).

Preparation of the samples was done in
two steps. At the first step, solutions of
Ca(N03)2'4H20, Na2CO3 and NazHPO4 was
mixed, then obtained amorphous precipi-
tates were filtrated, washed up with deion-
ized water and dried at 80°C. At the next
step, obtained powders were heated to 400,
700 and 900°C during one hour.

Peculiars of thermal transformations of
the obtained HAP were investigated by
thermogravimetry (STA 449 F3 Jupiter).
FTIR-spectra were obtained using both
FTIR Nicolet Nexus and VERTEX X70 in
the range of 400-4000 cm™1 for the samples
pressed into disk of KBr. Phase composi-
tions of the obtained samples and products
of their thermal transformations were es-
tablished using X-Ray powder diffraction
(diffractemeters Shimadzu XRD-6000 and
Bruker D8 ADVANCE, CuKa-radiation,
L=1.5418 A and range 20 from 5.0 to
90.0°).

Morphology of the fracture surface,
shape and compositions of particles of the
obtained samples were observed by scanning
electron microscopy (SEM) with the energy-
dispersive X-Ray analyzer (Zeiss Gemini
1540XB).

3. Results and discussion

3.1. Characterization of the obtained
samples. The XRD patterns for the obtained
dried at 80°C samples show two wide re-
flexes in the range 20 = 20-60° (Fig.1 —
curve a,l for sample No.1 and curve b,1 for
sample No.3), which is characteristic for
formation of the particles of caleium phos-
phates with nanoscale size. The fact of the
nanoparticles obtaining is confirmed by
scanning electron microscopy data (Fig. 2 —
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Table 1. Phase composition and particles size of obtained from aqueous solutions samples, heated
to 400, 700 and 900°C, for systems Na*-Ca?*-NO,—CO,2—P0,3~ (Ca/P = 1.67).

Sample CO4%7/PO % Dried at 80°C | Heated to|Heated to 700°C| Heated to 900°C
number in initial solution 400°C
1 0 |Phase composition|Calcium phosphate| Calcium Whitlockite Whitlockite
phosphate Cas(POy), Cag(POy),
Particles size, nm 14-20 23-30
2 1 |Phase composition|Calcium phosphate| Calcium HAP+CaO HAP+CaO
phosphate
Particles size, nm 11-23 18-27 425-480
3 2 |Phase composition|Calcium phosphate| Calcium HAP+CaO HAP+CaO
phosphate
Particles size, nm 12-27 13-23 80-150
4 3 |Phase composition Calcium - HAP+CaCO, HAP+CaCO4;+Ca0l
phosphate+CaCOg4
a) b) apatites [12-13]. In the ranges of 1500-

Fig. 2. Scanning electron microscopic obser-
vation of samples No.2 (a) and No.3 (b), dried
at 80°C (1), heated to 400°C (2) and 700°C (3).

(a,b) 1). The particles are characterized by a
spherical shape and its size distribution is
in sufficiently narrow range (Table 1).

XRD pattern for sample No.4, obtained
under the highest content of carbonate ion
in solution (C032_/PO43‘ = 3.0), shows addi-
tional reflexes, corresponding to the crys-
talline phase of CaCOj3. Due to this reason
this sample was not investigated in the re-
cent work (Table 1).

FTIR spectra for samples No.1-3 (Fig. 3)
in the ranges of 560—600 cm~! and 1000-
1100 ecm~1 show the set of bands, related to
PO,-groups, the bands at 3480 and 600 cm !
are specified to OH-groups vibration. Its
frequency positions are characteristic for
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1400 em! (vg) and 880-870 em™! (vy) there
is also presence of the bands corresponding
to carbonate groups. It should be noticed,
that for sample No.l (Fig. 3 — curve I),
obtained without carbonate ion in the initial
solution, the related intensity of these
bands is very low and it is caused by the
presence of insignificant quantity of ab-
sorbed from the air carbonate during syn-
thesis process. However the intensity of
these bands is significantly increasing while
carbonate content in the initial solution be-
comes higher (Fig. 3a). In the spectra for all
samples the broad band in region 3200-
3600 cm™!, indicated on the significant
amount of absorbed water in their composi-
tion, is also observed.

3.2. Characterization of products of the
samples thermal transformations. Termo-
gravimetry results demonstrate that mass
losing for all samples occurs stepwise and
can be divided conditionally on the intervals
of 80-350°C, 450-650°C and above 700°C
(Fig. 4). Literature data analysis for the
thermal treatment of carbonated HAP per-
mits to assume that on the first step (80—
350°C) elimination of absorbed water takes
place, than simultaneous CO, and water los-
ing, and above 650°C present process can be
accompanied by the samples destruction.
Considering this data, the thermal treat-
ment regimes for synthesized samples were
chosen (400, 700 and 900°C).

The samples mass losing at 400°C is
8-28 % (Table 2). FTIR spectra of such
samples show changing of bands relative in-
tensities namely decrease for the band
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Fig. 3. FTIR-spectra of samples No.1, No.2 and No.3, dried at 80°C (a), heated to 400°C (b) and

700°C (c).

Table 2. Mass changes for obtained sam-
ples under heating at different tempera-

tures
Sample Am, %
number
400°C 400-700°C | 700-900°C
1 8.8 2.7 0.36
2 8.7 5.8 1.2
3 19.0 6.5 6.1
4 28.0 4.8 6.5

3200-3600 cm ™!, corresponded to absorbed
water. Wherein the phase and fractional
composition of the thermal treatment prod-
ucts changes insignificantly, that is verified
by the XRD and SEM data (Fig. 2). The
particles save spherical shape, and their size
increases approximately on 20 % . Herewith
the fractional size distribution of the parti-
cles even narrows slightly, for instance, for
the sample No.3 from 30 % to 15 %.

EDX results for heated at 400°C illus-
trate that sodium quantity in the obtained
samples composition increases under rising
of its concentration in the initial solution
(Table 3).

Further heating of the samples to 700°C
leads to mass losing from 2 to 7 % depend-
ing on their composition (Table 2). Correla-
tion between the mass losing value and car-
bonate quantity in the samples composition
should be noticed. Sample No.4 is an excep-
tion due to consistence of stable calcium
carbonate at these conditions. Wherein crys-
tallinity of the samples and their phase
composition are changing significantly. Ac-
cording to the phase analysis data heating
of sample No.1 leads to formation of hetero-
substituted calcium orthophosphate of whit-
lockite type with cell parameters a,b =
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Table 3. EDX results for heated to 400°C

samples
Sample Na Ca P Molar
number | [wt.%] | [wt.%] | [wt.%] ratio
400 400 400 Ca/P
1 0.28 34.40 18.76 1.48
2 2.49 31.44 12.99 1.88
3 2.77 35.47 13.03 2.11

10.440(9) A, ¢ = 87.301(6) A. In the other
cases sodium- and carbonate-containing cal-
cium orthophosphates of apatite type are
obtained (hexagonal symmetry, o, f = 90°, vy
=120° a = b # ¢). Thus, for heated to 700°C
sample No.2 estimated cell parameters are
a,b = 9.4167 A, ¢ = 6.8919 A, to 900°C —
a,b = 9.3584 A, ¢ =6.8524 A, for sample
No.3 it has been established the formation
of crystal lattice with parameters a,b =
9.4148 A, ¢ = 6.8930 A for heated to 700°C
and a,b=9.4106 A, c¢=6.8917 A for
heated to 900°C.

Formation of the complex substituted
calcium orthophosphates of apatite type for
samples No.2 and No.3 envisages heterova-
lent substitution in cationic and anionie
sublattices of the matrix according to the
next scheme:

Ca?* + PO~ — Nat + CO35.

The scanning electron microscopy data
for the heated to 700°C samples verify con-
siderable particles enlargement from 100 to
480 nm (Fig. 2, (a,b — 3). Bands related to
water vibration are almost absent in their
FTIR spectra, that confirms complete water
elimination under heating to 700°C. The
last fact could be a reason of observed par-
ticles aggregation. At the same time, FTIR
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Fig. 4. Thermogravimetry for sample No.2.

spectra are characterized by more narrow
bands, comparing to the case of dried at
80°C and heated at 400°C powders, that
caused by increase of their crystallinity
(Fig. 3c). It permits to determine more ac-
curately the position of maximum for
bands, related to carbonate group vibra-
tions, in order to determine the carbonate
localization in apatite matrix. It is known
an existence of two types of 0032‘-HAP de-
pending on carbonate-ion position in apa-
tite: substituting OH- (A-type) or phos-
phate-group (B-type). In the case of A-type
0032_ bands are observed at 1545, 1450 and
880 cm™1, whereas for B-type — near 1455,
1410 and 875 ecm~1 [12, 18]. The position of
the carbonate bands in FTIR spectra of in-
vestigated samples confirms the B-type sub-
stitution.

Analysis of the samples mass changing
under their heating to 900°C demonstrates
that the lowest value (to 0.5 %) is obtained
for sample No.1. This fact indicates on sta-
bility of the formed under heating to 700°C
whitlockite phase. Meanwhile increasing of
the mass losing for the rest samples corre-
lates with carbonate content in the samples
composition, that gives evidence on reduc-
tion of Na+,0032_-containing HAP thermal
stability under rising of degree of phos-
phate-on-carbonate substitution. Their esti-
mated crystalline lattice parameters de-
crease comparing to corresponding phos-
phates heated to 700°C, that reveal the
lattice compression under the partial car-
bonate losing.

4. Conclusions

The nanoparticles of Na+,CO32‘-contain-
ing HAP have been prepared by wet precipi-
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tation method in aqueous media under am-
bient temperature and investigated using
X-ray powder diffraction, FTIR-spectros-
copy, thermogravimetry and scanning elec-
tron microscopy.

The relationships between molar ratic of
the components in initial solutions and con-
tent of sodium and carbonate in the samples
composition have been established. The in-
fluence of the samples heating to 400, 700
and 900°C on their particles size has been
shown. It should be noticed, that heating of
Na-containing calcium phosphate obtained
without carbonate in solution caused elimi-
nation of absorbed water and formation of
the whitlockite crystalline phase, while in
other cases the complex substituted calecium
orthophosphates are obtained. All obtained
results illustrated the additional possibili-
ties for synthesis of the nanoparticles of
complex substituted calcium phosphates.
Their size can be programmed by the way of
the samples thermal treatment that is im-
portant for manufacturing of the new
biomaterials and sorbents.
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