Journal of Ceramic Processing Research. Vol. 16, No. 3, pp. 308~312 (2015)

Ceramic
Processing Research

Synthesis nano bio-ceramic powder 3-Ca,P,0;,

Behzad Mehdikhani** and Gholam Hossein Borhani”
“*Malek ashtar industrial university, Material department
“Standard Research Institute, Building and construction department

Nano-size beta calcium pyrophosphate(3-Ca,P,0-,) powders with average grain size of 80 nm were prepared by sol gel method
with calcium nitrate 4-hydrateCa(NOs), - 4H,0 and different amount of diammonium hydrogen phosphate (NH,),HPO,(0.4
and 0.6 molar) as calcium and phosphorus precursors. The pH of the system was maintained up to (pH = 10) by the adding
of sodium hydroxide. The white precipitate stirred for 2 hour and washed with distilled water and filtered. Filtered cake was
dried at 80 °C and calcined at 600 °C. The dried and calcined powders were characterized for phase composition using X-ray
diffractrometry (XRD) and Fourier transform-infrared spectroscopy (FTIR). The particle size and morphology was studied
using scanning electron microscopy (SEM).
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Introduction 10 weeks of implantation the sintered dicalcium

pyrophosphate had formed a bond with bone. Other studies

Calcium phosphates are in the limelight owing to have shown that sintered dicalcium pyrophosphate is more
their biomedical applications and the absence of rapidly resorbed in vivo than sintered hydroxyapatite [8].
toxicity of their constituents. Many Ca-P materials such One of the key factors identified in the failure of
as resorbable and nonresorbable ceramics, cements, drug orthopedic implants was insufficient tissue regeneration
carriers, prosthetic coatings, and composite materials around the biomaterial immediately after implantation,
show numerous applications: bone reconstruction and mainly because of poor surface interaction of biomaterials
replacement, bone defect-filling drug carrier, and coatings with the host tissue [13]. Several literature reports suggest
of metal prostheses [1-4]. The application of calcium that decrease in ceramic grain size results in enhanced
phosphates as bone substitute began by Albee [5] who bone cell function. Specifically, compared to conventional
reported the use of a tricalcium phosphate compound in a micron grained ceramic, nanostructured alumina, titania,
bony defect promoted osteogenesis. Many years later, and hydroxyapatite show enhanced in vitro adhesion of
Levitt et al [6] and Monroe et al. [7] were the first to osteoblasts. Osteoblast functions were also found to be
propose the use of calcium phosphate ceramics for increased at ceramic spherical grain sizes below 60 nm
dental and medical implant materials. Variations in Ca-P [14]. A number of synthesis techniques have been used
composition can lead to different dissolution/precipitation for the preparation of Ca-P powders, that can be
behavior and may therefore also affect the bone response divided into two broad categories, such as, solid-state
[8]. Materials such as Hydroxyapatite, p-tricalcium process [15-18] and wet-chemical method [19-23].
phosphate, B-calcium pyrophosphate and fluoroapatite Powder synthesized by solid-state process suffers from
are amongst the few that have attracted a lot of stoichiometrical inhomogeneity, wide particle size
interest. Calcium phosphate compounds are suitable distribution and hard agglomeration which motivated
for implantation, compounds with a Ca/P ratio less than [24]. Ca-P nano powders can be synthesized using
1.0 are not suitable for biological implantation due to different wet chemical synthesis routes which include
their high solubility [9]. Pyrophosphate based wet precipitation, sol gel, hydrothermal, microemulsion
biomaterials are attractive for bone replacement since and surfactant based template system [25]. The sol-gel
P,O,* ions are thought to participate in the bone processing of calcium phosphate has been studied for
mineralisation process [10-11]. One of the first reports some years. However, there is lack of report on the
of sintered dicalcium pyrophosphate as a biomaterial convenient synthesis of different calcium phosphate

was that of Kitsugi et al. [12] who showed that after powders through only changing the ratio of calcic and
phosphorous sources. The simple operation process, few
used machines, and low cost can supply large amount

*g"l”efggggg}%g‘xtg"sri6 of different calcium phosphate powders for further
€l . . . . .

Fax: 100982413230496 applications, such as.bone' cements, tissue engineering
E-mail: mehdikhani@standard.ac.ir scaffolds and other bioactivity increasing uses etc [26].
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Synthesis of nano crystalline Ca-P powders using different
surfactants and template system have been reported [27-
28]. However, the composition, physic chemical properties,
crystal size and morphology of synthetic Ca-P is extremely
sensitive to preparative conditions and sometimes it
resulted into non stoichiometric calcium phosphate
powders [29]. The mentioned factors play an important
role in the biological behavior of calcium phosphates [30-
32]. In the present research work, a wet chemical reaction
such as the sol gel method was carried out to prepare [3-
Ca,P,0,. The most conventional is the precipitation in
aqueous medium starting from Ca(NO;), and (NH,),HPO,
as raw materials. However, the synthesis of a pure
pyrophosphate calcium phase (Ca,P,O; or CPP) by this
method requires a close control of many parameters such
as, reaction pH, ripening time, temperature, stoichiometry
of the raw materials. A light variation of these experimental
parameters can generate drastic variations in composition of
the final product and reveal the hydroxyapatite phase
(Cayo(PO4)6(OH), or HA) or B-tricalcium phosphate ([3-
TCP). Also powder particle size and morphology were
controlled by varying different synthesis parameters such as
pH of the reaction mixture and calcination temperature.
Powders were characterized using X-ray diffraction (XRD),
Fourier transformation infrared (FTIR) spectroscopy and
scanning electron microscopy (SEM).

Experimental Procedure

The nanof-Ca,P,0; powders are synthesized by the
reaction of calcium nitrate 4-hydrate (Ca(NOs), - 4H,0,
98%, Merck) with diammonium hydrogen phosphate
((NH4),HPO4, 99%, Merck). Fig. 1 shows the flow chart
of the sol-gel preparation of B-Ca,P,O;.About 1M
calcium nitrate 4-hydrate and (sample A = 0.4 M, sample
B =0.6 M) diammonium hydrogen phosphate solutions
were prepared by dissolving the crystals in double
distilled water. Calcium nitrate 4-hydrate solution was
added drop wise to the diammonium hydrogen phosphate
solution while stirring. Ammonia (NH;) was added drop
wise to the above mixture resulting in white precipitation.
The NH; was added till the precipitation complete and
final pH = 10 was obtained.

This precipitated solution was stirred for 2 h and aged
at room temperature for 24 h. The white precipitate
washed with distilled water, and then washed with
100% ethanol to remove NH," and NOjyions then it was
filtered in a filter glass with application of mild suction.
After filtration the compact, sticky filter cake was dried
at 80 °C for 24 h. As dried powders were crushed by
using mortar and pestle and calcined in alumina
crucible at 600 °C for 2 h using an electrical furnace and
employing a heating rate of 10 °C/min. The Ca/P ratio
of the dried powder was measured by inductively
coupled plasma atomic emission spectroscopy (model
Varian). No differences were observed in the Ca/P
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Fig. 1. Chemical precipitation flowchart used in the synthesis of 3-
Ca,P,0;bioceramic powders. X =0.4, 0.6 M.

Fig. 2. SEM micrograph of samples before calcination, a) sample
A, b) sample B.

values between the as-dried and calcined powders. For
evaluation of crystalline phases which were developed
by chemical method, X-ray diffractometer (Siemens,
model D-500). With CuKoa. radiation was used. Silicon
powder was used as the standard material for semi-
quantitative measurements of precipitated phases. For
infrared spectroscopy, samples were pulverized and
were mixed by a given amount of potassium bromide
(KBr) and pressed as very thin tablet and their infrared
spectra has been performed by FTIR Bomem(Quebec,
Canada) MB100 model in 400-4000 cm™' wavenumber
region. Spectroscopy was used for phase analysis and
scanning electron microscopy (SEM) was used to
observe the morphology. Fig 2 shows SEM micrographs
of sample A and B powders, respectively, both before
calcination.
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Table 1. The ICP analysis of the prepared $-Ca,P,0; powders.

Sample NO. (NH,4),HPO, Ca P Ca/P ratio
A 04 39.87 19.43 1.59
B 0.6 39.40 22.01 1.30
:?I 1 . o fCas(POy)
184 = CadPO.)(0OH)
154 o pCarPy0;

R N Y A PR
z‘:;MMqu *-’Mw'w‘.wmm
=alb |:

o I

I h!‘

i, @
A UINT
1 20 25 .

e °7a ¢ o @ ®
3 w a8 ) ' @ 5 EY

2 Theta(deg)

Fig. 3. XRD patterns of powders: a) hydroxyapatite/B-TCP
powder, b) B-Ca,P,0;.

Results and Discussion

The effects of the initial Ca/P molar ratio on the
composition of the precipitates were given in table 1.

The ICP analysis was performed on the precipitates
after drying at 80 °C for 24 h. Ratio of the Ca/P for
sample A and B are 1.59 and 1.30 respectively. The
unreacted precursors are believed to be washed out
during filtering process.

X-ray analysis

The XRD analysis was performed using the X-ray
diffractometer. The XRD patterns of the powders
sintered at 600 °C are shown in Fig. 2. The straight
base line and sharp peaks of the diffractogram in Fig. 3
confirmed that the product was well crystallized. It can
be seen that the main component of sample A is
hydroxyapatite/B-TCP powder phases consisting of [-
TCP and HAP (Fig. 3a).

It is observed that the characteristic bands of HAP
are much more obvious than those of B-TCP. This
indicates that the ratio of the HAP is higher than that of
B-TCP in sample A. The sample B is pure 3-Ca,P,0,
that shown in Fig. 3b. Increasing (NH,),HPO, up to
0.6 M reduced Ca/P ratio to 1.30 that confirmed by
XRD results. In sample B, -Ca,P,0; formed. There are
mono-, di-, tri-, and tetra-calcium phosphates, in addition
to hydroxyapatite/3-TCP powder and -Ca,P,0;, which
have ratios of 5/3, 3/2 and 1 for calcium and phosphorus
(Ca/P), respectively. Different phases are used in different
applications depending upon whether a degradable or a
bioactive material is desired [33].

FTIR spectroscopy

FTIR was carried out to study the chemical structure
of the samples. Fig. 4 shows the characteristic peaks of
hydroxyapatite/B-TCP powder. FTIR spectrum shows the
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Fig. 4. FTIR spectrum of hydroxyapatite/3-TCP powder. Sample A.
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Fig. 5. FTIR spectrum of 3-Ca,P,0; powder. Sample B.

characteristic absorption peaks of sample A. The broad
bands at 3433 cm™' and 1642 cm™ were attributable to
adsorbed water, while sharp peak at 3572cm™ was
attributable to the stretching vibration of the lattice OH
ions and the medium sharp peak at 633 cm™" was assigned
to the O-H deformation mode. The characteristic PO,>~
appeared at 470, 570, 964 and 1046 cm™ [34-35]. The
observation of the asymmetric P-O stretching vibration of
the PO, bands at 964 cm™' as a distinguishable peak,
together with the sharp peaks at 633, 602, 570 cm™
correspond to the triply degenerate bending vibrations of
PO,’ in hydroxyapatite. Our FTIR results were similar to
the references [34-36].

The FTIR spectra for nano powders [(-Ca,P,0;
contained various bands from the respective phosphate
groups of B-Ca,P,0; as indicated in Fig 5, which were
in agreement with other reported results [37-38]. The
bands at 1041 cm™' was assigned to the components of
the triply degenerate antisymmetric P-O stretching
mode. P-O symmetric stretching mode was detected at
954 cm™.

The bands at 607 and 570 cm™' were attributed to
components of the triply degenerate O-P-O bending mode
and the doubly degenerate O-P-O bending mode was
evident at 475cm™'. The absence of any characteristic
bands at 631 and 3572 cm™ corresponding to the hydroxyl
group denies the presence of any hydroxyapatite phase at
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Table 2. The crystallite size of synthesized powderobtained from
Scherrer equation XRD.

sample Crystallite size (nm)
A 50
B 80

EEmsa 160w = [ . bt

Fig. 6. SEM image of hydroxyapatite/B-TCP powder,
((NH4),HPO, =0.4) at two different magnifications. a = 50000,
b = 15000.

Fig. 7. SEM image of p-Ca,P,0;, ((NH4),HPO4=0.6) at two
different magnifications. a = 50000, b =20000.

600 °C in powder after calcination [38-39]. The mean
crystallite size (D) was calculated from the XRD line
broadening measurement from the Scherrer equation [40]:

D = 0.89\/Bcod

Where A is the wavelength (Cu Ka), B is the full width
at the half maximum of the B-Ca,P,0; line and 6 is the
diffraction angle. The determined crystallite size
(determined by Scherrer equation) from XRD (Fig. 2)
of sample A and B powders are given in table 2. The
morphologies of sample A and B after calcination were
shown in Fig. 6 at two different magnifications.

The as-dried hydroxyapatite/B-TCP powder precursor
was almost spherical and highly agglomerated, and the
observed crystallite size was about 50 nm. The necking
among the particles was apparent due to localized
sintering at 600 °C. Fig 7 shows aggregates of 3-Ca,P,0;,
at two different magnifications. Crystallite size of
precipitated sample B was about 80-150 nm that
confirmed XRD results. During calcination of 3-Ca,P,0;,
at 600 °C, the crystallinity has increased which seems to
be predominating factor in forming well defined sharp
XRD peaks rather than particle size, hence no overlaps
are seen. Similar phenomena has also reported during
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synthesis of other phases of calcium phosphates like
hydroxyapatite, where XRD study of the chemically
pure hydroxyapatite revealed that the crystallites of 40-
60 nm size gave rise to diffraction peak broaden but
those of 75, 100, and, especially, 130 nm size had very
sharp diffraction peaks [41-42]. Certain agglomeration
(Fig. 7a) of B-Ca,P,0; particles was observed, due to
the large surface area and energy associated to these
nano particles [43].

Conclusions

In this study, the synthesis of a nanosized 3-Ca,P,0,
powder via sol gel method is reported using calcium
and phosphorous precursors. This process showed that
high purity product of nano [B-Ca,P,O,powder and
hydroxyapatite/3-TCP composite could be obtained by this
simple process. Sample prepared by 0.4 M (NH,;),HPO,
formed hydroxyapatite/B-TCP powder and Ca/P ratio was
1.50. Sample prepared by 0.6 M (NH,),HPO, formed [3-
Ca,P,07and Ca/P ratio was 1.30.SEM images showed
agglomerated particles with particle size of 80 nm for
B-Ca,P,0; powder. Next work will consider about
mechanical properties of pyrocalcium phosphate.
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