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Abstract:

One of the characteristics to be achieved by biomaterials is to have similarity to the host material. Nano
carboapatite (HAC) has both considerable composition and order of magnitude in relation to human
bone. For the application in cases of bone substitution, HAC would be a good candidate, but it is shown
with low mechanical resistance, which would make it difficult to apply it in areas that perform high
mechanical stress. However, carbon nanotubes (CNTs) have low density and strong covalent bonding
between their atoms, which confers high mechanical resistance to the material. For this reason, the
influence of CNTs on the structure and properties of HAC was studied. Pure CNTs (pristines) and
functionalized with CNT-COOQOH carboxyl were inserted for the study. The results of Elemental Analysis
(CHN-O) indicated the amount of carbon present in the samples in each case. The results of XRD, TG/
DTA and IR showed that pristine CNTs apparently did not significantly influence the structure of HAC.
However, XRD results suggested that CNTs functionalized with COOH clusters may have interacted
with HAC. In this case, the displacement of some peaks was observed in the sample (HAC +
CNT_COOH), showing a decrease in the ¢ axis of the sample. The refinement of the diffractograms also
revealed samples of the nanometric order, with crystallite size in the order 25 A. The results of the
thermal analysis showed a peak close to 600 ° C, associated to the decomposition of the carbonate;
Indicating the presence of these ions in the A site of HAC. The IR spectra showed the vibrational modes
corresponding to the carbonate ion, confirming the presence of these ions in sites A and B.
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Introduction: Apatite is a mineral having the
general formula [A(1)2][A(2)3][(BO4)sX], formed
by several types of ions. A B and X represent the
possible sites where we can substitute different
ions, changing the properties of the compound [1].
Among a family of apatites most studied such as
fluorapatite, chlorapatites and hydroxyapatites,
the latter can be described in the formula
[Cai10(PO4)s(OH)2] being able to act as a perfect
bone substitute, since approximately 75% of the
mineral part of the bone tissue and constitute of
this material. In general, the hydroxyapatite

allows all of its ions to be replaced and can occupy
the hydroxyl sites OH~ called site A, and
phosphate PO;~ called site B. The incorporation
of the carbonate ion CO5~ may occur on the site
A, B or both, originating nano carboapatite (HAC)
[2]. However, high carbonate substitution at the
site B, leads to a decrease in the crystallinity of the
sample, thus increasing its resemblance to human
bone.

Another material that draws much attention is
carbon nanotubes (CNTS), discovered by lijimain
1991, they present several properties of interest
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such as large surface area, nanocapillary, and
environmentally susceptible electronic properties
that are exposed [3]. Even with all these
properties, there is a discussion about the low
reactivity of CNTs, due to its high chemical
stability. However many of the applications take
into account a previous treatment, making
oxidation that promotes a better dispersion or
introducing hydrophilic groups like hydroxyl (-
OH) or carboxyl (-COOH) which leads to the
functionalization of the material, so we have a
probable increase in the reactivity of the CNTs

[4].

Materials and Methods: Nano Carboapatite
(HAC) and nano (HA) were synthesized by
aqueous precipitation of the solutions of
(NH4)2HPO4, (NH4)2COs and Ca(NOz)2 4H20,
with the molarities required to obtain 6%
carbonate in the HAC sample according to the
conditions detailed in patent [5].

To obtain the samples of HACCNT and
HACCNTCOOH, in the synthesis was introduced
1% in CNTs pristine (to HACCNT) and
functionalized with carboxyl (to
HACCNTCOOH) respect to the total mass of
HAC. The solution was kept under constant
stirring, with controlled temperature and pH-
regulated by the solution of KOH. Final
homogenization was done on ultrasound for 10
minutes. The sample was washed, filtered vacuum
and dried for 24 hours.

The samples were characterized by X-ray
diffraction (DRX) (2theta: 10-90 degrees, step:
0,02), infrared spectrometry (V)
(400- 4000 cm?1), thermal analysis (TG-DTA)
(30-1100) °C, the flow of N2: 50 ml/min) and by
Elemental Analysis (CHNS-0). The
microstructure was obtained from the refinement
of the diffractograms using software Fullprof [6],
by the spherical harmonics method.

Results and Discussion: (CHNS-O)- The results
of the carbon contents obtained by elemental
analysis are presented in Table 1 together with the
carbonate contents, (column %CQO:3), in this table
the column %C the values of the percentage of
carbon obtained from the equipment for each
sample appear. The carbonate levels determined
by this analysis were relatively close to those
obtained by the analyzes of the TG curves of the

samples, suggesting good consistency between
the analysis and characterization methods used.
The higher percentages for the HACCNT and
HACCNTCOOH samples are related to the fact
that for these samples we have a higher amount of
carbon, due to the introduction of the CNTs.

Table 1- Experimentally determined carbon and carbonate

contents.
S %CT %CO;'
amples
HA 0,0000 0,0000
HAC 1,1617 5,8046
HACCNT 1,9338
HACCNTCOOH 2,5368

T9%m attributed to carbon content.

T Determined from the carbon content.

* The value of sample HA was discounted because it did not
contain carbonate.

(DRX)- In figure 1, we can observe of the width at
half height of the peaks that the sample HA was
the one that presented greater crystallinity. The
refinement result showed a crystal size about
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Figure 1 - Diffraction patterns of synthesized samples.
40,61 A for this sample. The refinements results
were indicated in Table 2, in this case all the
samples presented structures of the nanometric
order.

The HAC and HACCNT samples showed no
significant change indicating that the introduction
of CNT pristine modified the structure of the
compound as expected, coupled with the low
reactivity of the pure CNTSs.

In the HACCNTCOOH sample, we can observe a
slight shift from the peak of higher intensity to
higher values in 260, indicating changes in cell
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Table 1- T Apparent mean crystallite size, T Mean anisotropic

standard deviation, Strain, volume and cell parameters.

Samples T.C.*(Aniso.)"(A)  Strain (Aniso.)'(A) V (A% a (&) c(A)
HA 40,61(18,98) . 524,2(2) 9,381(2) 6,879(1)
HAC 21,77(1,85) 201,0781(0,2165) 533,5(9) 9,283(5) 7,15(1)
HACCNT | 27,66(4.73) 197,2456(0,4285) 545(1) 9,30(1) 7,28(1)
HACCNTCOOH |  17,79(4,91) 241,7641(0,3307) 522(1) 9,378(7) 6,85(1)

parameters. This can be attributed to the fact that
CNT functionalized with carboxyl have greater
interaction with HAC.

The refinement revealed samples with little
crystallinity, proving the nanometric order, with
crystallite size around 25A , the sample
HACCNTCOOH had its volume slightly
reduced compared to the sample HACCNT,
while its axis c (preferential axis of crystal
growth) also shows this reduction (see table 2).
This change in the c¢ again points out that
carboxyl-functionalized CNTs have a better
interaction with HAC compared to pristine
CNTs.

(IV)- Figure 2 (a) (b) illustrates the IR spectra
obtained for HA with 0 % of carbonate and HAC
with 6% of carbonate inserted into its structure.
In the graph, the sample HA, indicated in curve
(a), presents a band near 3500 cm™ and another
around (1635-1645) cm corresponding to the
vibration modes of the grouping OH". The bands
around 1050 cm?, 964 cm?, 952 cm'
corresponding to the asymmetric stretching
modes of phosphate and 602 cm™, 569 cm™, a
deformacao assimétrica do PO4>. For this same
spectrum, bands related to carbonate. This may
be justified by the fact that hydroxyapatite is
highly hygroscopic, and by the amount of CO>
present in the environment, increasing the
amount of carbonate on the surface of the
material.

This idea is reinforced by the fact that in
TG- DTA and elemental analysis we can prove
that this sample does not have carbon in its
structure [7,8].

For the sample HAC, indicated in curve (b), the
vibrational modes of the carbonate ion are
observed in 1490 cm™* for substitution at site A,
is at 1430 cm™ and 870 cm™ for substitution at
site B. The higher intensity of these bands in the
HAC sample compared to the HA indicates the
substitution of the carbonate ion at site A and B

[9-12]. In the curve (c) CNT, no oxidative
process was performed on the surface of the
CNTs to perform the measurements, and even
then we could observe some bands
characteristics of the CNTs. In the curve (d)
CNTCOOH, we observed the band in 1546 cm™ !
attributed to the molecular group C-C and the
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Figure 2 - IR spectra for the samples obtained.
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peak observed in 1625 cm™ was attributed to
stretching C=0 of the carboxyl group (COOH).
Already the band obtained in 1261 cm™ was
related to the elongation of C-O [13]. For the
samples HACCNT  curve (e) and
HACCNTCOOH curve (f) we can observe the
characteristic modes of HAC where we can see
in 1490 cm™, 1430 cm™® and 870 cm the
vibrational modes of the ion COs* indicating
the replacement of the type AB. However, the
vibrational modes corresponding to the CNTSs
and the carboxyl were not observed, this may be
due to the low concentration of CNTs in the
samples corresponding to 1% in relation to the
total mass of the samples produced.

(TG-DTA)- Figure 3 shows all DTA results
obtained from the samples. With the carbonate
insertion into the crystalline structure of the
sample, it becomes thermally less stable. In this
case, a peak appears near 600 °C which we
associate with the degradation of carbonate in
CO2. These peaks suggest OH fur CO3? an at site
A of the structure. In sample HA no carbonate
was inserted into the structure and this peak was
not identified.

In the HACCNTCOOH sample, the peak
appears shifted to lower temperatures as can be
seen in figure 3. This suggests that the exit
temperature of the carbonate in the structure was
influenced by the interaction between the
functionalized CNTs and the HAC.

T T T T T T T T T T T T T T T T
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Figure 3. DTA curves for all samples.

The profile of the TG and DTA curves obtained
in an air atmosphere for the CNTs are shown in

Figure 4. In the figure, it can be observed that
the oxidation temperature for the nanotubes is
approximately 600 ° C Slight mass losses below
500 ° C can be attributed to the removal of
amorphous carbon in samples [14]. It is also
possible to observe a sudden loss of mass
between 540-670 ° C, which was attributed to
the total burning of CNTs [15].
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Figure 4- TG/ DTA curves for carbon nanotubes.

The percentage of -COOH introduced into the
CNT was estimated from the DTA results. This
was suggested by the exothermic peak observed
between 400-500 ° C for the CNTCOOH
sample, which was not observed for pristine
CNTs. For this reason, it is suggested that the
entire carboxyl was degraded to 500 ° C. This
mass loss, approximately 6,7 % of the total
mass, can be associated to the functionalization
of CNTs.

Concluses: The introduction of the carbonate
ion in the samples revealed a significant change
in the size of the crystallite. In all samples with
HAC, the average crystallite size obtained from
the XRD was of the order of ~25 A. The IR
spectra allowed to identify the vibrational modes
of the HAC, but the vibrational modes of the
CNTs were not observed. This may be
associated with the low concentration of CNTs
inserted in the samples.
The results of DTA confirmed that the carbonate
in the HAC structure makes them thermally less
stable, evidenced by the appearance of the peak
near 600 ° C. The shift from this peak to lower
temperatures for the HACCNTCOOH indicates
that the CNTCOOH interact with the HAC
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facilitating the carbonate output of the structure. nano-carboapatite than the non-functionalized

In this work it was observed that the CNTs (pristine CNTSs).

functionalized with -COOH interact better with
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