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Graphene oxide (GO)-reinforced hydroxyapatite (HA) plays significant role in
formulations applied in medicine. In this work, HA was obtained by wet chemical
precipitation and GO was synthesized via a Hummer’s method. GO-HA nanocomposites
were prepared via two techniques, namely, solid-to-solid precipitation (Ss) and wet
precipitation (Wp) methods. The morpho-structural properties of composites prepared
using the two techniques with different GO contents were compared. The obtained
samples were characterized by X-ray diffraction (XRD), Fourier transform infrared
(FTIR), scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy, and
transmission electron microscopy (TEM). FTIR, XRD, and SEM analyses showed that the
GO-HA consisted mainly of HA phase. Elemental composition of oxygen of GO-HA by
Ss and Wp were 34.58% and 58.69%, respectively, which confirmed the introduction of
GO to HA. The average particles sizes (in width) of HA and 2.0 wt% of GO-HA by Ss and
Wp were 37.28+1.47 nm, 32.56+1.29 nm and 32.98+0.94 nm, respectively. Raman
spectroscopy illustrated that there was new peak of HA in GO-HA nanocomposite. TEM
analysis verified that GO was incorporated into the nanocomposite. GO-HA
nanocomposites were successfully obtained via the two methods, in which the GO-HA
obtained by Wp method presented a densely packed and well-defined dispersed HA onto
GO nanosurface, whereas that obtained by Ss method presented randomly positioned HA
particles onto GO sheets. Wp technique can be considered as a simple and convenient GO-
HA fabrication technique for biocompatible implant coatings.
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1. Introduction

Biomaterials research and engineering can enhance the quality and longevity of human
life. Hydroxyapatite (HA) is the main constituent mineral of bones, enamel, and dentine. HA
exhibits a hexagonal crystalline structure with chemical formula Ca;o(PO4)s(OH), (stoichiometry
Ca/P ratio ranging from 1.5 to 2.2 compared to bone apatite) [1]. Bones contain about 65 wt% HA
with needle-like shape (5-20 nm wide and 60 nm long) [2]. Mature human tooth enamel is
composed by 96 wt% HA, 4 wt% organic material, and 1-6 wt% water [3].

HA Dbioceramic has been used for more than 30 years in biomedical application to repair
bone defects [4]. In recent years, HA has gained significant interest worldwide in the fields of
biomedicine and prosthetics [5]. HA does not exhibit toxic properties and can be safely used in the
human body. It is also used as an implant material for filling in or reconstructing bone defects. HA
is widely used in dental implants, drug carriers, scaffolds for tissue engineering, and coatings for
covering the surface of implants. The biocompatibility and osteoconductivity of HA are the most
important factors to their biomedical applications.
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Nonetheless, HA application is restricted by its poor mechanical strength and low
toughness. To improve its physicochemical properties and practicability, various modifications of
HA have been applied depending on its applications, including different preparation methods (sol-
gel, hydrothermal, chemical precipitation, ultrasonic-assisted, and microwave irradiation and also
polymeric sponge template [6] ) or HA-based composites (metals, polymer, oxides group,
carbonaceous materials, and bioglasses).

Graphene oxide (GO) is suitable for hybridization with HA. It is a two-dimensional (2D)
nanomaterial with high mechanical strength and biocompatibility. An improvement in mechanical
strength and cytocompatibility can be achieved by combining the high strength of GO and
excellent biocompatibility of HA [7] [8]. In addition, the addition of GO in HA not only improved
the thermal stability of polymer but also increased the tensile strength and hardness of the
composite with the increase in GO content [9]. GO/HA composites also exhibit antimicrobial
characteristic [10], and can be used as drug [11] and gene delivery carriers for the cancer therapy
[12]. GO/HA composites also show promising prospects for anticorrosive pigments [13] and water
purification [14].

HA can be reinforced by GO through a variety of methods, such as spark plasma sintering,
hydrothermal process, biomimetic mineralization, in situ chemical precipitation, simple
precipitation, bioinspired mineralization [15], electrospinning, and electrophoretic nanotechnology
[16].

In particular, wet precipitation method is a convenient and economic route, in which low
temperature is applied ranging from 40 °C to 100 °C [16] [17], with high yield, homogenous
mixing, controllable nanophase particle size [5], and low cost. Moreover, room-temperature solid-
to-solid fabrication method is simple, convenience, energy-saving, environmentally friendly [19]
and controllable. Compared to hydrothermal method, the reaction applies heat of up to 180 °C for
12 h, with high pressure and the use of an expensive autoclave.

The present study compared the structural and morphology properties of GO-HA
nanocomposites obtained by solid-to-solid synthesis and chemical precipitation. HA was
synthesize using wet chemical precipitation, whereas GO was prepared through a modified
Hummer’s method. GO-HA hybrid with various contents of GO were synthesized by solid-to-solid
precipitation and chemical precipitation. The GO-HA nanohybrids were characterized by X-ray
diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, scanning electron microscopy
(SEM), energy-dispersive X-ray (EDX) spectroscopy and transmission electron microscopy
(TEM) and Raman spectroscopy. This study provides basis for the development of GO-HA
nanohybrid using simple, convenient, controllable, non-toxic, and environmentally friendly
techniques for implant coatings.

2. Experimental

2.1. Materials

Calcium hydroxide (Ca(OH),) ortho-phosphoric acid (H3PO,) graphite powder, sodium
nitrate (NaNOs), sulfuric acid (H,SO,4), potassium permanganate (KMnO,), 30% hydrogen
peroxide (H,0O,), and 5% hydrochloric acid (HCI) were obtained from Merck. Sodium hydroxide
(NaOH) was purchased from R&M Chemicals. Deionised water and distilled water were used
throughout this experiment.

2.2. GO Preparation

GO was synthesized using natural graphite powder through a Hummer’s method [20].
Briefly, 1 g of graphite powder and 0.5 g of NaNO; were mixed, followed by addition of 23 mL of
concentrated H,SO,4 under constant stirring. After 1 h, the mixture was stirred in ice bath until it
reached a temperature of 10 °C. Next, 4 g of KMnO, was slowly added under continuous stirring
for 2 h while keeping the temperature at less than 10 °C to prevent overheating and explosion, and
then constantly stirred at 35 °C for another 1 h. The solution was then diluted by adding 46 mL of
deionised water while the reaction was heated to 90°C. After 1 h of stirring, further dilution was
done using 50 mL of deionised water. To ensure complete reaction of KMnO4 residual, 2 mL of
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30% H,0, was added into the mixture. The colour of mixture changed from brown to brilliant
yellow. Lastly, the mixture was centrifuged and rinsed with 5% HCI aqueous solution until the pH
was neutral prior freeze drying to obtain fine brown powders, designated as GO [21].

2.3. Wet precipitation of HA

Ca(OH), was used as the sole source of calcium ions. HsPO, was used as source of
phosphorus and NaOH as a buffering reagent to maintain the constant pH value of 10. Ca(OH),
and H3PO, were dissolved respectively in 100 ml of distilled water stock solution. Next, a stock of
each solution was stirred constantly for 2 h, 500 rpm, and 30 °C under magnetic stirring. During
the synthesis, the solution of HsPO, was titrated dropwise to calcium solution at 4 ml/min under
continuous stirring while pH of the mixing solution was adjusted to 10 by adding NaOH solution.
Afterwards, the solution was successively stirred at room temperature until completion of the
reaction was indicated by the formation of thick white precipitate. The precipitate was aged
overnight and washed with distilled water to remove all impurities. Next, the precipitate was
filtered through a filter paper and dried at 80 °C for 12 h in an oven. Finally, the sample obtained
was crushed, grounded, and weighed.

2.4. Synthesis of GO-HA

2.4.1. Solid-to-solid fabrication

HA powder was dissolved in distilled water for 2 h under magnetic stirrer at 40 °C. While
GO powder underwent ultrasonication for 2 h. Homogenous dispersion of HA nanoparticles and
2.0 wt% of GO aqueous solution was realised in an ultrasonic bath for 5 h at room temperature.
The mixture was then continuously stirred with a magnetic stirrer for 12 h at room temperature.
Next, the products were left overnight, filtered, and then dried overnight in the oven at 80 °C. A
series of experiments were conducted under the same conditions to investigate the effects of
different GO contents (0 wt%, 0.25 wt%, 0.5 wt% and 2.0 wt%) on the properties of GO-HA
composites.

2.4.2. Wet precipitation

GO powder was ultrasonically dispersed in distilled water by ultrasonication for 2 h to
form a stable brown GO solutions. Ca(OH), was completely dissolved in distilled water and then
gradually added to the GO aqueous suspension to promote electrostatic interaction between Ca**
and the negatively charged group of GO (C-O-C and OH ) (

Fig. 1). The negatively charged GO surface would adsorb the positively charged calcium
cations through electrostatic interaction [22], forming the homogenous GO-Ca®* system. The
mixture was stirred for a few hours to achieve a homogenous suspension. Next, H;PO, was added
dropwise to above solution, and the pH was adjusted to pH 10 by adding NaOH under vigorous
stirring. HA phases could precipitate out of solution with combination of PO, ions and Ca®* [23].
The mixed solution was centrifuged and dried overnight in the oven at 80 °C.

HA

GO HA particle

Fig. 1. Proposed interaction mechanism of GO and HA.
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2.5. Characterization

The chemical composition of samples was examined by FTIR (Thermo Scientific, Nicolet
6700). The KBr pellet technique was used and the spectrum was recorded in the 4004000 cm™
region with resolution of 4 cm™. The crystal phase composition and degree of crystallisation were
analysed by XRD (D8-Advance, Bruker Company, Germany) in the range 5°<26<80° with Cu Ka
radiation (0.15408 nm). The surface morphological features of the samples were observed by SEM
(VPSEM, LEO 1450VP) on gold-coated powder samples. EDX spectra (attached to SEM) were
also obtained. TEM (Philips, TEMCM12) images of samples were obtained with an acceleration
voltage 100 kV. The samples were dispersed in ethanol using ultrasonic bath and deposited
(dropwise) onto carbon-coated grids. Raman spectra were recorded from 500 to 3050 cm™ by
Confocal Micro-Raman Imaging Spectroscopy (DXR2xi, Thermo Scientific) with excitation
wavelength of 532 nm, laser power of 3.0 mV and aperture of 50 um slit.

3. Results and discussions
3.1. FTIR Analysis

The FTIR spectra of GO, HA and GO-HA at different weight percentages (%) obtained
through solid-to-solid synthesis and wet precipitation technique are shown in

Fig. 2 and

Fig. 3. The IR spectrum of GO shows broad peak at 3395.7 cm™ due to OH stretching
vibration of absorbed water molecules. The peak at 1727.7 cm™ can be ascribed to carbonyl groups
(-C=0) on the edges of the basal planes. This spectrum also demonstrates the presence of
stretching vibrations of C=C at 1625.5 cm™, C-OH at 1391.5 cm™ and C-O at 1065.8 cm™
[24][25].

The FTIR spectrum of HA revealed that the broad peak (stretching vibration) at 3405.4cm’
! and weak band (bending vibration) at 1642.5 cm™ are attributed to the absorbed water molecules.
CO4® group was detected at 1421.9 cm™, indicating the replacement of PO,® to COs* by the
precipitation of HA. The spectrum also shows three bands at 1031.5 cm™, 603.0cm™ and 563.3 cm’
! which represents the PO,® group [26][27].

No remarkable difference is found between the spectra of bare HA and GO-HA composite
because of only a small amount of GO is added into HA [12]. However, the carboxyl moiety peak
of GO at 1730 cm™ disappeared completely in GO-HA nanocomposite because of the reaction
between the carboxyl moiety of GO and the calcium and phosphate moieties of HA [28],
suggesting the successful introduction of GO in nanocomposite.

In addition, the —OH peaks of GO-HA shifted significantly to the higher region to
distinguish the amount of GO in composite. The —OH peaks of solid-to-solid technique shifted
from 3397.2 cm™ to 3388.9 cm™ and 3390.5 cm™) and (1639.2 cm™, 1645.0 cm™ and 1650.8 cm™)
with the increase in GO content in HA from 0.25 wt% to 0.5 wt% and 2.0 wt%. Same result is
observed for the wet precipitation technique, where the —OH peaks significantly increased from
3417.0 cm™ to 3426.5 cm™ and 3455.9 cm™ and for -OH peaks at (1644.2 cm™ to 1647.1 cm™ and
1650.8 cm™) with the increase in amount of GO in the composite. This phenomenon is due to the
large amount of bulky group of OH ions over COs* functionalities in HA particles. The
strengthened —OH peaks at ~1640 cm™ —1650 cm™ is due to the stretching vibration of C=C bond
(1625.5 cm™) of GO [13].

The bump of curve peaks of OH group was narrower and decreased as the GO content was
increased from 0.25 wt% to 2.0 wt% due to the integration of peaks of GO into HA peaks. With
the increase in GO content, the characteristics absorption peaks of the sample were decreased,
implying that the HA component integrated with the GO component (addition of GO into HA).

The FTIR spectra of solid-to-solid technique demonstrated that the 0.5 wt% GO-HA
nanocomposite has an additional absorption band at 2361.8 cm™, attributed to P-H stretching
absorption [29], and peaks of 2923.6 cm™ and 2919.8 cm™, attributed to methylene group (C=H,)
[23][30]. The appearance of C=H, verified the existence of GO. The 2.0 wt% GO-HA
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nanocomposite also has absorption peaks of P-H group at 2335.4 cm™, whereas only the P-H peaks
at 2361.5 cm™ of 0.5 wt% GO-HA nanocomposite was found for the wet precipitation technique.
All the vibrational frequencies of the samples are summarized in Table 1.

Fig. 2 and

Fig. 3 show that the solid-to-solid and wet precipitation techniques have no obvious
differences between GO-HA nanocomposites in terms of absorption profile. Nevertheless, slight
differences in the spectra for the composites obtained by both techniques can be distinguished. The
absorption intensity distributions of CO;” by wet precipitation technique are clearly observed in
the spectra of GO-HA nanocomposite, because Ca(OH), reacted with atmosphere oxygen during
synthesis, and then transformed to CaCOs. The absorption peaks of CO5? , PO,®> and OH groups
gradually decreased with the increase in GO content in nanocomposite because the coordination
interaction (C-O-C group) of Ca*" is absorbed on the GO or through ion exchange with H* with
COOH and OH groups. The absorbed Ca”* then becomes nucleation sites for the following
absorption of PO,®> and OH groups. GO not only facilitates homogenous dispersion but also
provides numerous reactive sites for hybridization [31].

Table 1. Summary of vibrational frequencies observed in the FTIR spectra of composite
obtained using the two techniques.

Techniques GO Vibrational modes (cm™)
content OH CH, P-H COs” PO,
(wt%o)
Solid-to- 0 3405.4, 1642.7 - 1421.9 1031.5, 603.0,
solid 565.3
0.25 3417.0, 1644.2 - - 1416.0 1031.3, 603.1,
565.6
0.5 3426.5, 1647.1 - 2361.5 1419.3 1031.9, 603.2,
565.5
2.0 3455.9, 1650.8 - - 1415.9 1031.8, 605.6,
563.1
Wet 0.25 3387.2,1639.2, | - - 14225 1035.9, 604.0,
precipitation 875.2 565.1
0.5 3388.9, 1645.0, | 2923.6, 2361.8 1422.7 1036.3, 604.2,
875.1, 2919.8 565.4
2.0 3390.5, 1650.8, | - 2335.4 14215 1034.1, 963.1,
874.6 604.4 564.8
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Fig. 2. FTIR spectra of a) GO b) 0.25 wt% GO-HA, c) 0.50 wt% GO-HA, d) 2.00 wt% GO-HA
and e) HA obtained by solid-to-solid technique.
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Fig. 3. FTIR spectra of a) GO b) 0.25 wt% GO-HA, c) 0.50 wt% GO-HA,
d) 2.00 wt% GO-HA obtained by wet precipitation technique.
3.2. XRD Analysis

The XRD diffraction pattern in

Fig. 4 shows a comparison of graphite and GO. The sharp diffraction peak of graphite at
20=26.510° corresponds to (001) with interplanar spacing, d=3.3595 A. GO exhibits of diffraction
peak at 26=10.673° [32], which corresponds to (002) plane and an increased interplanar spacing, d,
to 8.2823A. The small peak at 42.037° indicates the presence of a few hexagonal graphite sheets in
the GO nanosheets [12]. An increment in the distance between layers is due to the existence of
oxygenated group and intercalation of water molecules during oxidation process of GO [15], [33].
Moreover, the crystallite size of GO is smaller (11.57 nm) compared to graphite (28.59nm) due to
exfoliation of graphite to GO. These findings show a completed and successful exfoliation and
oxidation of GO using the Hummer’s method.

As shown in
Fig. 5(b) and

Fig. 6(b), the presence HA peaks indicated by hkl plane (hexagonal lattice) in the (002), (211),
(112), (300), (310), (222), (213) and (004) confirm the HA samples, which matched well with the
standard HA pattern (JCPDS: 064-0738). The broad peaks of HA and GO-HA nanocomposites
indicate that the prepared samples were nanocrystallites [34], [35]. The XRD pattern (

Fig. 5 and

Fig. 6) of GO-HA nanocomposite had the same profile as observed in the HA
nanoparticles. No GO characteristic peaks are found in the HA/GO pattern [23], [29], [36], which
is due to the good dispersion of GO in HA/GO powder [28], [37].This phenomenon could also be
due to the concealing of GO peaks HA owing to lower concentration of GO than that of HA in the
GO-HA composite [12][38]. On the contrary, a study by Raucci shows that the strong and sharp of
(002) peaks of GO shifted and becomes sharper in the composite [35].

Meanwhile, the crystallinity of GO-HA nanocomposite gradually decreased with the
increase in GO content, leading to broad diffraction peaks, which imply a decrease in intensity of
diffraction peaks of GO-HA. Particularly, the intensity of the diffraction peaks of GO-HA
decreased as GO content increased from 0.25 wt% to 2.0 wt%. The overall crystallinity of 0.25
wt% GO-HA, 0.5 wt% GO-HA and 2.0 wt% GO-HA were 64.7%, 62.6% and 59.7%, respectively,
for solid-to-solid technique and 62.7%, 58.6% and 57.8% for wet precipitation technique. The
diffracted peaks of (002) and (211) clearly show the decreasing pattern of the nanocomposites,
thus suggesting the successful introduction of GO. The diffraction peaks of GO-HA
nanocomposite by wet precipitation technique are sharper and higher due to the well-crystallized
samples compared to that by solid-to-solid technique.

In addition, the mean crystallite size (nm) of 0.25wt% GO-HA, 0.5wt% GO-HA and
2.0wt% GO-HA were 21.62 nm, 21.83 nm and 22.12 mm, respectively, for solid-to-solid
technique and 20.65 nm, 20.90 nm and 21.75 nm for wet precipitation technique. The mean
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crystallite size (nm) of Owt% GO-HA (25.97 nm) decreased due to the presence of GO. Table 2
shows the crystallinity (%) and the mean crystallite size (nm) of prepared samples at different GO

contents for both techniques.
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Fig. 4. XRD spectra of graphite and GO.
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Fig. 5. XRD pattern of a) GO, b) HA, ¢)0.25 wt% GO-HA d) 0.50 wt% GO-HA
e) 2.00 wt% GO-HA obtained by solid-to-solid technique.
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Fig. 6. XRD patterns of a) GO, b) 0.25 wt% GO-HA ¢) 0.50 wt% GO-HA
d) 2.00 wt% GO-HA obtained by wet precipitation technique.

Table 2. Crystallinity (%) and mean crystallite size (hm) of prepared samples
at different GO contents for both techniques.

Techniques GO content Crystallinity (%) Mean crystallite size
(wt9%) 30-35° Overall (5-80°) (nm)
Solid-to-solid 0 80.5 61.9 25.97
0.25 84.7 64.7 21.62
0.5 80.6 62.6 21.83
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2.0 77.8 59.7 22.12

Wet 0.25 80.3 62.7 20.65
precipitation 0.5 77.5 58.6 20.90
2.0 75.2 57.8 21.75

3.3. Morphology Analysis

Fig. 7(a) shows that GO possessed a layered structure [39]. The GO nanosheets were
stacked together and exhibited wrinkles on the surface of GO sheets [31]. The occurrence of
wrinkles might be due to the existence of water molecules and carboxyl or hydroxyl groups [40].
GO does not have a smooth surface. Fig. 7(b) shows needle-like HA in nanoparticles size and
agglomerated due to the wet precipitation technique [9] and high surface area. In the case of GO-
HA nanocomposite, GO could not be recognized clearly in the SEM images (Fig. 7(c) and Fig.
7(d)), most probably due to the covering by GO sheets that were deeply immersed in HA needle-
like shapes. However, the presence of GO decreased the size of HA, and a more compact structure
was obtained, as supported by previous studies [23], [41]. The average particle sizes of HA as well
as of 2.0 wt% of GO-HA obtained by Ss and Wp ranged from (37.28+1.47 nm in width),
(32.56+1.29 nm in width) and (32.98+0.94 nm in width), respectively. Fig. 7, Fig. 7b and Fig. 7c
show the particle size distribution (nm) of the prepared samples. The addition of GO could
improve the aggregation of HA nanoparticles [36].

Furthermore, the EDX spectrum (Fig. 7) and Fig. 7)) of GO-HA nanocomposite shows the
presence of Ca, P, O and C elements, which confirm the elemental composition of GO-HA
nanocomposite and successful growth of HA onto the surface of GO nanosheets. By comparing
both techniques, wet precipitation technique demonstrated higher oxygen element (58.69%) in
nanocomposite than the solid-to-solid technique (34.58%), which confirmed the GO incorporation
in the nanocomposite. These results indicated that GO contains a cluster of reactive functional
groups. The high density of oxygen functional groups endowed the GO-HA with good dispersion
and strong GO-HA interactions.

EMT=1000kV Mag= 300KX Dato :11 Apr 2018
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o )

Fig. 7. SEM images of a) GO, b) HA, c) 2.00 wt% of GO-HA obtained by solid-to-solid synthesis and d) 2.00
wt% of GO-HA obtained by wet precipitation synthesis.
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Fig. 9. Particle size distribution of a) HA, b) 2.00 wt% of GO-HA obtained by solid-to-solid synthesis, c) 2.00
wt% of GO-HA obtained by wet precipitation synthesis.

The morphologies of GO, HA and GO-HA are shown in Fig. . The TEM images show
wavy wrinkles of single layer of GO sheets [42] (Fig. a). Sonication is used to expedite exfoliation
process in order to obtained single layers GO in shorter time [43]. The HA nanoparticles presented

typical apatite appearance of needle-like shape i
By using wet precipitation method, the

n nanometre scale (Fig. b).
GO-HA nanocomposite was densely packed, well-

defined crystalline HA nanoparticle, which are well dispersed and embedded randomly throughout
the surface of the GO nanosheet (Fig. ¢). Moreover, the HA nanoparticles heavily occupied almost
the entire surface of the GO nanosheet (Fig. d) with larger HA compared to solid-to-solid
precipitation due to homogenous mixing. Meanwhile, the HA nanoparticles were randomly
positioned onto GO sheets surface via the solid-to-solid technique. The HA nanoparticles are
grafted onto the GO sheet through strong chemical bonding [23], [31]. GO-HA exhibits a number
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of wrinkles. Nano-HA filled GO were found in layers, indicating good interaction between GO
film and nano-HA [44]. The HA morphology clearly reveals the changes induced by the wet
precipitation technique.

The dispersion and distribution of HA for the GO-HA nanocomposite with greater than
2.0 wt% GO cannot be seen under TEM because the GO sheets are expected to be thicker and
contain abundant oxygen group. Thus, the addition of appropriate GO content is important to
ensure optimal conditions for hybridization.

In situ sol-gel synthesis in [35] revealed that almost no spindle-like shape HA particles are
scattered out of the matrix, suggesting a strong interaction between GO-HA and better dispersion
with the increase in GO amount (1.0%, 1.5% and 2.0%). This result supports the utilization GO-
HA in bone repair, bone augmentation and biomedical implants coating. Rod-like nanoparticles
are intimately attached to thin layer of GO sheets through sol-gel method forming GO-HA
composite for bone regeneration [45] .

In [44], a hydrothermal method is used to prove that HA nanorods are randomly dispersed
throughout the surface and are densely attached on the GO surface, which enhance the mechanical
strength for biomedical applications. By comparison, the results obtained in the current study were
almost similar yet a different and simpler technique was used, that is, fewer and less complex steps
are required.
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Fig. 10. TEM images of a) GO, b) HA, c¢) 2.00 wt% of GO-HA obtained by solid-to-solid synthesis
and d) 2.00 wt% of GO-HA obtained by wet precipitation synthesis.

3.4. Raman Analysis

Raman microscopy is to determine the chemical composition or compositional changes of
composites samples or individual material components about carbon-based materials. Fig. showed
the results Raman spectroscopy of GO and 2.0 wt% GO-HA by wet precipitation. Raman spectra
of GO indicated the characteristic of GO band around 1340.87 cm™ and 1591.57 cm™, represent D
and G respectively [23], [33], [39], [42], [46], [47]. The low intensity 2D band of GO at 2536.52
cm indicating the monolayer of GO nanosheets or related to the few numbers of graphene layers
were presented in the GO [39][15]. The presence of HA can be observed from the GO-HA Raman
spectra. It was observed that Raman spectrum of new PO ,* bands at 957.10 cm™ was very intense
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and characteristic of HA [9], [23], [48] in GO-HA samples. This new band are the strongest
evidence for the presence HA in GO-HA composites. Moreover, the lower intensity of D bands
(1335.08 cm™) and G bands (1576.14 cm™) due to some structural transformation occurred in GO-
HA [9].
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Fig. 11. Raman spectra of GO and 2.00 wt% of GO-HA obtained by wet precipitation synthesis.

4. Conclusions

Solid-to-solid precipitation (Ss) and wet precipitation (Wp) methods were applied to
prepare GO-HA nanocomposites. The characteristics of the nanocomposites were compared. Both
methods presented the ability to produce GO-HA hybrids with different morphologies, particle
sizes and dispersity. The O compositions in GO-HA nanocomposites obtained by Ss and Wp were
34.58% and 58.69%, respectively. The overall crystallinity (%) for Ss technique of 0.25 wt% GO-
HA, 0.5 wt% GO-HA, and 2.0 wt% GO-HA were 64.7%, 62.6% and 59.7% respectively, whereas
62.7%, 58.6% and 57.8%, respectively, for Wp technique. Raman spectroscopy illustrated that
there was new peak of HA at 957.10 cm™ in GO-HA nanocomposite. The morphology of
nanocomposites was dependent on GO content and method applied. The nanocomposite
containing 2.0 wt% GO obtained by Wp method exhibited more desirable morphology,
compactness and dispersity than the other GO-containing HA and those obtained by the Ss
method. The present study demonstrated that the Wp technique is a simpler (fewer preparation
steps required) and more convenient GO-HA fabrication technique for preparing GO-HA
nanocomposite implant coatings for biomedical application.
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