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A B S T R A C T   

A successful attempt has been made to improve the mechanical properties of Hydroxyapatite (HAp) and reduced 
graphene oxide (rGO) composite nanoparticles (NPs). Various proportions of HAp and rGO were synthesized to 
improve the mechanical properties. HAp NPs were prepared using the wet precipitation method and further 
calcined to form crystalline particles. The physicochemical characterization of the HAp NPs revealed that the 
crystalline size and percentage of crystallinity were calculated to be 42.49 ± 1.2 nm and 44% post calcination. 
Furthermore, the rGO-HA composites were prepared using ball milling and obtained in the shape of pellets with 
different ratios of rGO (10, 20, 30, 40, 50% wt.). The mechanical properties have been evaluated through a 
Universal testing machine. Compared to calcined HAp (cHAp), the strength of variants significantly enhanced 
with the increased concentration of rGO. The compressive strength of HA-rGO with the ratio of the concentration 
of 60:40% by weight is a maximum of about 10.39 ± 0.43 MPa. However, the porosity has also been bolstered by 
increasing the concentration of rGO, which has been evaluated through the liquid displacement method. The 
mean surface roughness of the composites has also been evaluated from the images through Image J (an image 
analysis program).   

1. Introduction 

The global market for biomaterials has been reported to be bolstered 
at the rate of 15.4% from 2022 to 2030, and Orthopedic implant is the 
largest biomaterial market. Thereupon health risk, including osteoar-
thritis, osteoporosis, and musculoskeletal disorders, craves artful 
research for orthopedic implants. Nevertheless, other health issues, such 

as diabetes and obesity, strongly affect bone density (Oudrhiri et al., 
2019). Although various metallic bone implants, including Titanium and 
Stainless Steel, have become the gold standards for bone imperfections, 
surgical and biomimetic constraints weaken the approach. Numerous 
materials such as polymers, metals, ceramics, and their composites are 
being fabricated through different techniques targeting bone regenera-
tion and replacement (Gobbi, 2019; Kim et al., 2020). Lyons and 
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coworkers confabulated the need for biomaterials along the composite 
fabrication to achieve the mechanically adaptable, biodegradable, and 
immunologically responsive bioimplant for bone regeneration (Lyons 
et al., 2020). Modifications in raw materials would improve the me-
chanical strength of the composite NPs. Sintering techniques can ach-
ieve this use of advanced fabrication methods, blending with 
appropriate polymer or metal to the ceramics to accomplish the need for 
autogenous bones (Kim et al., 2020; Nosrati et al., 2020a; Islam et al., 
2019). 

Despite many similarities with human bone, HAp material has been 
extensively used due to its biocompatibility and osteoconductive prop-
erties (Shin et al., 2015). However, the lower mechanical strength of the 
HAp as compared to the bone needs it to be blended with an appropriate 
material that aggravates its strength (Florea et al., 2020). Furthermore, 
carbon-based materials such as graphene and its oxides have also 

become another candidate to strengthen HAp. Graphene is made of 
sigma bonds between sp2 carbon atoms in a thick one-atom layer that 
add-ons its strength. The members of the graphene family, including GO 
and rGO, are the two essential materials that engrossed the interest of 
researchers. 

Numerous sources and processes are available for synthesizing and 
rGO (Lesiak et al., 2021). The rGO possesses synonymous structural 
characteristics with the pristine graphene that augmented its strength 
compared to GO and diversified its application in membranes, catalysts, 
sensors, and supercapacitors (Hidayah et al., 2017a). Further, acceler-
ated bone regeneration and enhanced osteogenesis have already been 
reported on MC3T3 cells (Lee et al., 2015). The composite of rGO (1.5%) 
and HAp has been investigated for mechanical behavior that showed 
increased elastic modulus (Nosrati et al., 2020a). Furthermore, a 
nanocomposite of HA/rGO has been fabricated using hot isostatic 
pressing (HIP). It has been reported to have enhanced biological and 
mechanical properties with increased rGO content (Baradaran et al., 
2014). In addition, the rGO (0.25, 0.5,1, and 2% wt.) has been rein-
forced in HA and investigated for mechanical and biological behavior 
using MTT analysis. It has been concluded that the rGO-HA with 1% and 
0.5% rGO showed biocompatibility on NIH-3T3 fibroblast cells and 
enhanced mechanical strength (Elif et al., 2017a). 

Herein, we synthesized HAp using the wet precipitation method and 
incorporated it with rGO, prepared using GO through thermal reduction. 
The higher weight percentages of rGO (10, 20, 30, 40, and 50 % wt.) 
have been used to reinforce HAp, which has not been reported to date. In 
addition, to fabricate the composites with different concentrations ball 
milling method has been implemented, and the mechanical strength of 
the variants has been enhanced using the thermal method. The HA/rGO 
composite’s strength and morphology have been studied precisely on 

Table 1 
Percentage of HAp and rGO used for different blends.  

Blends HAp (%) rGO (%) 

cHAp 100 0 
HrG1 90 10 
HrG2 80 20 
HrG3 70 30 
HrG4 60 40 
HrG5 50 50  

Fig. 1. Flowchart for the wet chemical synthesis of HAp.  

Fig. 2. Pellets of cHAp and rGO composites in a different ratio.  

Fig. 3. XRD peaks for GO and rGO.  
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the ball. In addition, the prepared HAp and rGO have been evaluated 
based on Fourier transform infrared spectroscopy (FTIR), Field Emission 
Scanning electron microscopy (FESEM), Thermogravimetric (TG) anal-
ysis, and X-ray powder diffraction (XRD) instruments. The mechanical 
strength of the composite has been determined by a Universal testing 
machine (UTM). The porosity has also been studied using the liquid 
displacement method. The novelty of this work is to produce the me-
chanically improved composite of HGA/rGO and study its characteristic 
features, including crystallinity, surface roughness, thermal behavior, 
and porosity, using different techniques. Nevertheless, the two-way 
ANOVA was performed on the compressive strength before and after 
thermal treatment. The purpose of the work was to achieve better me-
chanical strength, which has been successfully achieved. 

Fig. 4. FTIR analysis of GO and rGO.  

Fig. 5. FTIR analysis of HAp and cHAp.  

Fig. 6. FTIR Spectra of composites of HAp and rGO.  

Fig. 7. XRD peaks of calcined cHAp and HAp.  

Fig. 8. XRD Peaks of variants of HAp and rGO.  

Table 2 
Spacing between the atoms in blends of HAp and rGO.  

2 thetas d spacing(A◦) hkl 

25.7 0.171 (002) 
31.8 0.211 (211) 
32.5 0.215 (300)  
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2. Materials and methods 

2.1. Materials 

High-purity GO powder with a bulk density of ~1.91 g/cc with 
solubility in water, calcium hydroxide, orthophosphoric acid, ammo-
nium hydroxide, and other polar solvents were purchased from Sigma 
Aldrich. 

2.2. Methods 

2.2.1. Synthesis of HAp 
HAp has been synthesized by mixing 10 M Calcium hydroxide Ca 

(OH)2 in 500 mL and 6M orthophosphoric acid (H3PO4) prepared in 300 
mL in an aqueous solution. The solution H3PO4 was added dropwise to 
Ca (OH)2 upon magnetic stirring for 2 h. 

10Ca(OH)2+ 6H3(PO4)→ Ca10(PO4)6 (OH)2 + 18 H2O (1) 

Add 1 M of ammonium hydroxide (NH4OH) to the above mixture to 
maintain the basic pH under continuous stirring and stay undisturbed 
overnight. Then the solution was washed thrice with distilled water and 

left undisturbed for 4 h. Finally, the powder form of NPs was annealed at 
900 ◦C at the rate of 10 ◦C/min. The final obtained powder was pure, 
white, and crystalline (Yelten and Yilmaz, 2016; Yelten-Yilmaz and 
Yilmaz, 2018). 

2.2.2. Calcination of HAp 
HAp showed improved physicochemical properties when subjected 

to calcination. Heat treatment improvises the material’s crystallinity, 
and on calcination, the crystallinity is enhanced but limits the carbonate 
ion and porosity (Ahmed et al., 2015; Figueiredo et al., 2010). The 
calcination of HAp has been done at 800 ◦C for 2 h to improve its 
physicochemical properties. 

2.2.3. Thermal reduction of GO 
The reduction of GO not only amends its physicochemical properties 

but also increases its dispersive power and mechanical behavior. 
Numerous ways of obtaining a reduced form of GO have been scruti-
nized, including chemical (Mehrali et al., 2014), solvothermal, photo-
catalysis (Pei and Cheng, 2012), and thermal reduction methods. GO’s 
thermal reduction under different atmospheres, including air and ni-
trogen, has been reported (Le et al., 2018). The thermally rGO has been 

Fig. 9. FESEM images of the variants (A) CHA, (B) HrG1, (C) HrG2, (D) HrG3, (E) HrG4, and (F) HrG5.  

Fig. 10. Particle size analysis of the composites of HAp and rGO.  
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further characterized. 

2.2.4. Synthesis of rGO-HAp composite 
The cHAp was reinforced with different concentrations of rGO (10, 

20, 30, 40, and 50% weight), as mentioned in Table 1. The powdered 
samples were fabricated using the ball impact process before and after 
heat treatment. The ball impact process was performed using 5 metal 
balls of 5 mm thickness that were vibrated along the blending powder 
using a vortex for 30 min. The powder was then subjected to high 
pressure of 5 tons for 30–60 s to make pellets through the KBr press 
machine. The pellets with a 4 mm thickness and diameter of around 15 
mm were used further for the experimentation. 

Fig. 11. Surface roughness (A–C) HrG1, (D–F) HrG2, (G–I) HrG3, (J–L) HrG4, and (M–O) HrG5.  

Table 3 
Roughness means and RMS values of blends of HAp and rGO.  

Blends Arithmetic Mean Roughness (Ra) RMS 

HrG1 38.063 ± 0.90 46.46 ± 0.68 
HrG2 37.739 ± 0.22 43.10 ± 0.16 
HrG3 31.283 ± 0.59 36.98 ± 0.62 
HrG4 28.141 ± 0.43 34.22 ± 0.93 
HrG5 21.286 ± 0.98 27.92 ± 0.52  
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2.2.5. Physicochemical characterizations 
Further, the prepared samples have been analyzed through Fourier 

transform infrared (FTIR) spectroscopy and X-ray diffraction (XRD) 
measurements. The scattering intensity in the X-ray diffraction tech-
niques has been noted with the angles described as 2θ. The crystallinity 
of the sample has been evaluated through a Field emission scanning 
electron microscope (FESEM, JEOL EDS: OXFORD EDS LN2) equipped 
with energy-dispersive X-ray spectroscopy that allows the study of the 
surface morphology of the samples. The thermal analysis of the com-
posite was studied using thermogravimetric analysis (TGA) at the 
heating rate of 10 ◦C/min rise in the temperature. 

The compressive strength of calcined HA and rGO-HA composites 
has been evaluated through a Universal Testing machine (UTM). Com-
posites were subjected to UTM to obtain the mechanical behavior with a 
crosshead speed of 5 mm min− 1. The pellets were made with a KBr Press 
machine with a radius of 0.66 cm and a height of 0.5 cm approx. The 
mechanical testing pattern was tested in triplicates for each variant at 

the rate of 5 mm min− 1. The comparative analysis of the mechanical 
strength of composite materials with and without heat treatment at 100 
◦C for 2 h was performed. 

2.2.6. Surface roughness and porosity of the composites 
The surface roughness of the composite has been evaluated through 

FESEM using Image J. The root means square roughness (Rq), and the 
average roughness means (Ra) have been studied using the SurfCharJ 
plugin in Image J software. The surface plot has also been created to 
describe composites’ roughness factor (Chinga et al., 2007). The 
porosity of the variants was measured by the Liquid displacement 
method. Briefly, the pellets with different compositions named HrG1, 
HrG2, HrG3, HrG4, HrG5, and cHA of equal dimensions of thickness of 
about 4 mm with a diameter 13 mm approximately measured with 
vernier Caliper were used to detect the percentage porosity after im-
mersion in n-hexane for 30 min so that the pores can be occupied by the 
n-hexane (Chakraborty, Ponrasu, Chandel, Dixit, Muthuvijayan). 

2.2.7. MTT assay 
Cellular biocompatibility was explored by the MTT test which is 

based on the enzyme-dependent colorimetric test in which the reduction 
of a yellow-colored dye 3-(4-,5-dimethylthiazol-2yl)-2,5- diphenylte-
trazolium bromide (MTT) into purple-colored formazan crystals occurs. 
This assay measures cellular viability. Precisely, after 72 h of incubation 
of Vero cells with composite material, the culture medium was removed 
from tested wells of the plate and replaced with MTT in DMEM media 
without serum proteins. Then the plates were incubated for 4 h at 37 ◦C, 
5% CO2. Later the culture medium was removed from each well and 
DMSO was added to dissolve the formazan crystal formed. Then the 
absorbance was recorded at 570 nm using an ELISA reader and the 
percentages of cell viability were calculated using the formula reported 
in an earlier study (Rodríguez-González et al., 2018). 

2.2.8. Statistical analysis 
The mechanical strength has been evaluated through Statistical 

analysis, which was performed using GraphPad. All variables were 
tested in triplets for each experiment, inclusive of before thermal 
treatment and after giving thermal treatment, and expressed as mean ±
standard deviation (SD). On multiple comparisons, the maximum load- 
bearing capacity has been evaluated through two-way ANOVA analysis 
and Sidak’s test. 

Fig. 12. Statistical analysis of compressive strength of composites before and 
after treatment *** indicates the p < 0.0001. All data were shown as mean 
value ± standard deviation. 

Fig. 13. The compressive modulus of variants of HAp and rGO.  

Table 4 
Toughness, Compressive modulus, and porosity of the composites of HAp and 
rGO.  

Blends Compressive Modulus (MPa) Porosity % Toughness 

HrG1 97.21 ± 0.94 5.81 ± 0.41 12.26 ± 0.73 
HrG2 118.81 ± 1.18 7.70 ± 0.60 18.24 ± 1.23 
HrG3 126.13 ± 1.06 10.15 ± 0.53 22.90 ± 0.21 
HrG4 132.73 ± 1.05 11.61 ± 0.44 39.41 ± 1.23 
HrG5 126.67 ± 1.00 10.53 ± 0.65 36.80 ± 0.73  

Fig. 14. Stress-strain graph for different blends of HAp and rGO.  
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3. Results and discussion 

3.1. Synthesis of rGO-HAp composite 

HAp has been successfully prepared by the wet precipitation method, 
and a white crystalline powder has been obtained. The precipitates 
obtained have been characterized through XRD and FTIR analysis. In 
addition, it is then calcined at 800 ◦C to increase its crystallinity, 
confirmed by XRD analysis. On the other hand, the thermal reduction of 
GO has been carried out at a temperature of 200 ◦C for 1 h and has been 
scrutinized through FTIR and XRD analysis. 

The preparation of HAp by chemical precipitation route and its 
characterization study is represented in Fig. 1. The pellet forms of 
different blends of HAp and rGO are shown in Fig. 2. The material has 

been shaped using the pellets-making machine with approximately 13 
mm diameter and 3–5 mm thickness. Calcined HAp showed whitish 
pellets, whereas the color of the pellets became darker on increasing the 
concentration of rGO. 

3.2. Physicochemical characterizations 

The chemically synthesized HAp, cHAp, GO, and rGO have been 
investigated through FTIR and XRD. The FT-IR spectroscopy was per-
formed within a wavelength range of 450–4000 cm− 1 at room temper-
ature. The diffraction pattern was analyzed through an XRD machine 
with a Cu-Kα source of radiations at the wavelength of 1.540. The 
diffraction was performed at 2θ values ranging from 0◦ to 95◦. 

Fig. 15. FESEM images of HrG4 (a) Crack propagation at 100 μm, (b) Crack branching at 10 μm, (c) Crack deflection and the Crack propagation model.  

Fig. 16. Comparative analysis of compressive strength and porosity of different 
blends of HA/rGO. Fig. 17. Percentages of cell viability calculated in Vero cells for cHA and HAp 

and rGO composites (HrG1 to HrG5) after 72 h. 
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3.2.1. X-ray diffraction (XRD) analysis of GO and rGO 
The reduction of GO is confirmed through an X-ray diffraction 

analyzer. XRD pattern reveals the GO are polycrystalline structure. The 
XRD plot of GO showed a sharp peak at 11.8◦ with an interlayer distance 
of 0.733 nm, which corresponds to (002) hkl values, and on comparison 
with rGO, the peak corresponding to (002) found at 26.35◦ with an 
interlayer spacing of 0.334 nm. The cutback in d spacing values revealed 
the loss of water molecules and oxygen-containing groups and also in 
good tuning with the reported data by Alam and co-workers (Alam et al., 
2017). Also, in rGO, the disappearance of the peak at 11.8◦ indicates that 
the oxygen-containing groups have been successfully eliminated shown 
in Fig. 3. The peaks observed in rGO correspond to JCPDS file no. 
75–2078 also indicates the graphite phase of rGO. 

3.2.2. FTIR analysis of GO and rGO 
The FTIR for the GO and rGO has been studied. The reduction of GO 

has been achieved thermally. Fig. 4 reveals the FTIR spectroscopy pat-
terns of GO and rGO. The functional groups present in both the GO and 
rGO can be analyzed through FTIR analysis. The comparative spectra of 
GO and rGO have been evaluated and the broad peak has been observed 
in the range of 3200–3500 cm− 1 contributing to the O–H bond. In 
addition, other peaks were obtained at 2344 cm− 1 and 1636 cm− 1, 
attributing to C––O stretching vibrations of carbonyl and carboxyl 
functional groups. Furthermore, a sharp peak for GO was obtained at 
1095 cm− 1 revealing vibrations of the C–O epoxy group. In the case of 
rGO, the intensity of oxygen-containing group vibration has been 
reduced including 1618.94 cm− 1, 2344 cm− 1, and 1039 cm− 1 

concluding that the oxygen content has been reduced due to thermal 
treatment (Hidayah et al., 2017b; Muniyalakshmi et al., 2020). 

3.2.3. FTIR analysis of HAp and cHAp 
Structural analysis of cHAp was studied using FTIR. The different 

functional groups present in cHAp are shown in Fig. 5. The peaks at 
558.44 cm− 1 and 1056.64 cm− 1 observed the vibrational stretching 
mode of the phosphate group in HAp. The peak at 1658.24 cm− 1 is 
attributed to the carbonate group’s stretching mode. Furthermore, the 
peak at 3437 cm− 1 contributed to absorbed water (Ahmed et al., 2015; 
Alshemary et al., 2018). The FTIR spectra for all the other variants of 
HAp and rGO have been shown in Fig. 6. 

3.2.4. XRD analysis of HAp and cHAp 
The cHAp has been compared with the HAp studied through X-ray 

peaks in Fig. 7. The XRD pattern reveals the crystalline phase identifi-
cation and crystallite size measured using the Scherrer equation and 
followed the standard JCPDS file no. 090432 observed in Fig. 7 (Ramesh 
et al., 2016). The calcination of HAp has been done at 800 ◦C, increasing 
the crystallinity, which can be observed in the XRD shown in Fig. 7. The 
XRD spectra for variants of HAp and rGO have been shown in Fig. 8. The 
blending can be observed clearly from the peaks. The characteristic 
peaks for HAp and rGO have been shown. The peak at 26.5 showed the 
characteristic peak of rGO that also overlaps with the peak of HAp. The 
characteristic peaks of HAp include peaks at 2ϴ = 25.7,28.7,31.8, and 
32.8, marked in the figure showing the successful formation of the 
composite of HAp and rGO as different variants. The d spacing and hkl 
values of the characteristic peaks have been determined through Bragg’s 
law and tabulated in Table 2 (Nosrati et al., 2020b). 

The crystallinity of the sample has been determined using the 
following formula: 

C%=
Ac

Ac + Aa
× 100 (2)  

Where C% is the crystallinity percentage, Ac is the area of crystalline 
peaks, Aa denotes the area of all the amorphous and crystalline peaks. 
The percentage crystallinity of cHAp was found to be 42.49 ± 1.2. The 
increased crystallinity showed an improved mechanical strength on the 

addition of filler i.e., rGO, and the results have been shown in Fig. 11. 

3.3. Morphological analysis of composite 

The morphology of the variants of HAp and rGO have been charac-
terized through FESEM images. Fig. 9 shows the FESEM images of the 
blend HrG1 to HrG4. The particle size analysis has also been done to 
evaluate the size of the variants through images using image J. On 
analysis, it has been observed that these are microparticles, and the 
particle size decreases with the increased concentration of rGO. Never-
theless, the maximum particle size obtained for HrG4 of about 12.980 
μm, and the particle size of HrG1 of about 17.850 μm. The particle size 
plot is shown in Fig. 10. 

3.4. Surface roughness studies of the composites 

Surface roughness is a vital factor controlling cell adhesion and 
proliferation. Researchers reported that the cellular functions were 
impelled by surface roughness. For instance, Kunzler and coworkers 
found that osteoblast proliferation improved by increasing the surface 
roughness. But many studies showed that the roughness enhanced 
cellular proliferation and showed inconsistent behavior in evaluating in 
vitro studies (Faia-Torres et al., 2014; Kunzler et al., 2007; Rausch-fan 
et al., 2008). On the other hand, the proliferation of osteoblast MG-63 
shrinked on increasing the surface roughness (Andrukhov et al., 
2016). The surface roughness for the HAp and rGO variants has been 
reported in the Table below, which showed that the surface roughness 
decreases on increasing the concentration of rGO and a range of Ra 
values from 38.063 ± 0.90 to 27.286 ± 0.98 have been observed on 
analysis of the FESEM images using image J shown in Table 3. The 
roughness plot, as well as the images, have been shown in Fig. 11. As per 
the MTT evaluation, this has been observed that downturn in the surface 
roughness of the blends boosted the cell adhesion and proliferation can 
be clearly visualized in Fig. 17. 

3.5. Mechanical testing of HAp/rGO composite 

The compressive strength was determined for cHAp-rGO composites 
in different variations. A dramatic improvement in compressive strength 
was observed, except in HrG5, which showed mechanical strength 8.87 
± 0.27 MPa lower than HrG4. The highest mechanical strength was 
observed in HrG4, 10.39 ± 0.43 MPa. It can be concluded that the 
increased crystallinity on calcination of HAp and the removal of extra 
water content on reduction of GO enhances the interactions between the 
molecules, thereby increasing the compressive strength (Elif et al., 
2017b). It has been observed on giving the thermal treatment to the 
pellets before mechanical analysis, the strength of the material amelio-
rated shown in Fig. 12. 

The strength of the variants was facilitated by elevating the con-
centration of rGO in HAp up to 40%. In contrast, the strength declined 
slightly upon further increasing the rGO concentration, which can be 
observed in HrG5. Furthermore, it was studied that the strength in-
creases on giving thermal treatment to the composites. The compressive 
modulus of various blends has been shown in Fig. 13 as well as repre-
sented in Table 4. 

The findings validate that the mechanical behavior of the composite 
improved with the addition of rGO and through the way of its fabrica-
tion by giving thermal treatment. A stress-strain plot for each variant has 
also been shown in Fig. 14. A more significant stress-to-strain ratio was 
observed in the case of HrG4 responsible for the highest modulus 
achieved. 

The crack analysis of the blend HrG4 has been done. Fig. 15 shows 
the way of development of cracks as well the development of its 
branches. The FESEM images were obtained after compression testing 
using the universal testing machine. After the ultimate strength, any rise 
in force being applied to the blend resulted in the development of cracks. 
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The development of the crack branching can also be observed in the 
figure, which witnessed the deviation of force applied without complete 
breakage. The crack branching conveys the resistance of the composite 
against the load being applied, validating the maximum compressive 
strength and modulus obtained for the HrG4 blend of HAp and rGO. The 
crack propagation model showed the crack deflection to different angles 
leads to branching as well as the grain bridging at some parts of the crack 
is in good tuning with the ceramics-based mechanism. Pulling out has 
not been observed at all (Feng et al., 2023; Shuai et al., 2021, 2022; 
Nosrati et al., 2020c). 

3.6. Porosity of the composite 

The porosity percentage of the composite was calculated using the 
mentioned formula: 

Porosity %=
Was − Wbs

ρ V
100 (4)  

Where Was is the weight of the pellets after soaking in n-hexane for 30 
min and Wbs is the weight of the pellets before soaking in n-hexane, ρ is 
the density of n-hexane is 0.655 g/cc, and V is the volume of the pellets 
being used. The experiment was performed in triplicates (Nie et al., 
2017). As the weight percentage of rGO increased, the porosity was 
reasonably compliant with the already reported HAp/rGO composite 
data. It is reasoned that the growth of HAp crystals was inhibited by rGO 
particles resulting in pore formation, hence elevating the porosity (Wang 
et al., 2021). 

A comparative analysis of porosity and compressive strength showed 
that although the porosity gradually increases if the composite is 
gardened with rGO, the compressive strength and modulus are 
bolstered. This validates that rGO being reinforced to HAp improves its 
mechanical strength (Nosrati et al., 2020b; Zhou et al., 2019). Hence-
forth, a collateral relation between compressive strength and porosity 
has been observed as both declined slightly in the HrG5 composite, as 
shown in Table 4 and Fig. 16. Toughness corresponds to the area under 
the curve. It has been observed that the toughness increases by aug-
menting the concentration of rGO up to 40%. In contrast, it gets lowered 
on the further increasing concentration of rGO. 

3.7. Cell viability analysis 

Cytotoxicity was performed by MTT test on Vero cells. The cells were 
cultured in DMEM with 10% FBS, 4 mM of L-glutamine, and 4 mM of 
sodium pyruvate. The powdered form of HAp and rGO blends were 
added into 96-well plates and incubated the treated cells for 72 h. The 
different concentrations per cubic centimeter (cc) of each variant and 
cHAp have been used. It can be seen that on increasing the concentration 
of rGO from HrG1 to HrG5 the cell viability increases. Furthermore, by 
increasing the concentration of the powdered blends, the cell viability 
increases by increasing the concentration of variants (Nosrati et al., 
2020c). In comparison with cHAp, the cellular compatibility amelio-
rated in HAp and rGO composites. The maximum cytocompatibility has 
been shown in HrG4 in Fig. 17. 

4. Conclusion 

In summary, HAp has been successfully prepared using the wet 
precipitation method and increased its crystallinity on calcination. Ball 
milling and pellets formation has been implemented to form variants of 
HA/rGO. The preparation of HAp and reduction of GO have been studied 
using X-ray diffraction, Fourier-transformed infrared spectroscopy, and 
Field Emission Scanning Electron microscope. Nevertheless, the porosity 
has also been evaluated through the liquid displacement method, and it 
determined that the porosity increased by increasing the concentration 
of rGO. However, the mechanical strength also increased the weight % 

of rGO in HA. Biocompatibility of the cHAp and rGO has been evaluated 
through MTT assay. 

Furthermore, on giving the thermal treatment, a significant increase 
of about 50% in mechanical strength has been observed in HrG4 
compared to cHA. However, the surface roughness has also been eval-
uated through image J, and the arithmetic mean of surface roughness 
(Ra) was found to be 27.83 ± 2.38 for HrG4, which has the highest 
compressive modulus of 132.73 ± 1.00 MPa, approximately. It also has 
been concluded that the strength of the HA-rGO blend increases by 
increasing the rGO content up to 40% due to decreasing particle size and 
thermal treatment provided to the pellets. Still, it gets lowered by 
further increasing the rGO concentration. Additionally, the biocompat-
ibility of the variants of cHAp and rGO augmented on increasing the 
concentration of filler and in comparison to cHAp. 
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