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 A ternary nanocomposite (TNC) was fabricated for introducing multifunctional properties 

for various biomedical applications. The nanocomposites consist of hydroxyapatite (HAP) 

). The structural 3O2oxide (Gd combined with/without graphene oxide (GO) and gadolinium

analysis was done using x-ray diffraction (XRD) and the hexagonal symmetry of HAP was 

. The lattice constants of HAP were around  3O2detected besides the cubic crystal structure of Gd

. Further, the chemical investigation Å around 10.8441was 3 O2, while for GdÅ9.4285 and 6.7476 

was done using Fourier transform infrared spectroscopy (FTIR), X-ray photoelectron spectroscopy 

(XPS), and Energy-dispersive X-ray spectroscopy (EDX) which confirmed the existence of all 

elements with a Ca/P ratio of 1.4. The morphological investigation detected the nanosheets of GO, 

with diameter and length decreased to 9.5 and 27 nm respectively.  3O2and nanorods of HAP/ Gd

Moreover, the topological study based on a field emission scanning electron microscope (FESEM) 

) with around 4.8 nm, and ashowed that HAP/GO had the highest average roughness parameter (R

) with a value of 7 nm. Furthermore, the average qthe highest root mean square roughness value (R

pore size reached 7.99 nm for the NC of HAP/GO. In addition, the cumulative surface area using 

/g for TNC. The 2the density functional theory (DFT) method was calculated at around 44.61 m

cell viability in vitro of human osteoblast cell line improved from 95.6 ± 0.6% to 96.7 ± 0.5% 

mpatibility of the implants to be used in biomedical applications. which indicates the bioco 

Cell viability.  , Graphene oxide; Hydroxyapatite; Antibacterial;3O2Gd Keywords: 

1. Introduction 

 The critical-size bone defects which were formed due to trauma or injury can be considered 

as a hard challenge in orthopedics due to their requirement for surgical treatment [1, 2].  The 

surgical interventions in the present are often autografts or allografts [3]. The autograft is based on 

grafting a bone from the same patient but from a different place in the body [4]. Therefore, not all 

injuries can be autografted due to the low availability of some tissues in the human body in addition 

to the additional surgical site existence. On the other hand, the allografts are based on grafting 

tissues from another patient which is typically a donor [4]. Therefore, the immune system may 

reject the graft. Further, it might react sorely against the grafted tissues. Hence, designing a 

biodegradable material with multifunctional and desired properties can introduce a more flexible 

alternative solution. Nanocomposites (NCs) can be considered the most adaptable materials in the 

present day [5-8]. Therefore, they have a huge consideration among researchers due to their 



important applications. The presence of nanomaterials in the composites made a broad interfacial 

area applicable with NCs compared to the conventional composites [9, 10]. That leads to 

improving the properties including mechanical, electrical, thermal, and biological properties [11]. 

NCs encourage a solution for bone tissue problems by replacing and repairing the damaged tissues. 

Moreover, the bone of a natural composite material contains an organic collagen matrix and an 

inorganic phase embedded in the matrix [12]. Many applications of nanomaterials have been 

reported in fine ceramics [13], catalytic [14-16], electrical [17-22], and sensors [23-25]. 

Hydroxyapatite (HAP) is the inorganic phase in the bone that can be easily synthesized in 

labs [26, 27]. Its similarity to bone composition leads HAP to have adequate biocompatibility and 

bioactivity for bone regeneration utilizations [4]. It is important to mention that around 70% of 

natural bone is nanocrystals hexagonal HAP symmetry [28]. The limitations of HAP lie in its 

brittleness, mechanical properties, poor antibacterial, and poor bioresorbability [29]. Shi et al. 

reported that they prepared HAP with different diameters. They found that the effect of prepared 

HAP is very close to natural HAP on the osteoblast cells. The decrease in size of HAP was 

improving cell proliferation and inhibited cell apoptosis [30]. Therefore, the morphology is 

correlated with the biological response of cells towards the implant. M.R. Nikpour et al. 

synthesized HAP and combined it with chitosan (CTS)  and they found improvements in 

mechanical properties. The compressive strength reached around 14.47 ± 1.96 MPa in addition to 

the compressive modulus which reached 1470 ± 162 MPa [31]. Graphene oxide (GO) is a one 

atomic plane material consisting of carbon with a perfect two-dimensional structure [32]. 

Graphene compounds in general show extraordinary properties such as a huge Young’s modulus 

reaching 1 TPa and tensile strength with a value around 130 GPa [33]. In addition, room 

temperature electrons mobility and consequently a good conductivity [34-36]. Further, good 

thermal conductivity, optical properties, and a large specific surface area [37]. Those interesting 

properties were confirmed and verified by many articles and researchers. GO is a special form of 

graphene (G) by the attachment of oxygen-containing groups on its surface including epoxy, 

hydroxyl, carboxylic, and carbonyl groups [38]. Therefore, biological properties as good 

biocompatibility, protecting DNA from the cleavage by enzymes, and nucleotide adsorption 

selectively [39].  Further, those functional groups turn the structure into an insulator material [40]. 

S. Pathmanapan et al. synthesized NCs of fibrin hydrogel and GO and they reported that cell 

viability exceeded 100% towards MG-63 cells due to the high biocompatibility of GO [41]. In 



addition, J. Zhang et al. prepared NCs to contain cadmium oxide, polyalanine chitosan reduced 

graphene oxide, cobalt oxide, and silver oxide. The NC showed effective antibacterial properties, 

where the zone of inhibition against Escherichia coli (E. coli) was around 22.4 ± 0.0 mm, while 

27.2 ± 0.03 mm against Staphylococcus aureus (S. aureus) [42]. Moreover, T. For et al. prepared 

NCs to contain GO and polyethersulfone and they found an improvement in the mechanical 

properties. The Young’s modulus enhanced up to 1.95 ± 0.13 GPa, the tensile strength recorded 

55.73 ± 15.21 MPa which can be considered relatively high values [43]. The route for  the 

production of graphite and graphene oxide from Hassawi rice biomass waste produced in Eastern 

Saudi Arabia was illustrated at Scheme 1 .  

 probes and optical applications,  ) has been used in magnetic3O2Gadolinium oxide (Gd

Gd(III) shows seven unpaired electrons and consequently a strong paramagnet. Therefore, it is 

also is a rare earth oxide with relatively  3O2used in magnetic resonance imagining [44, 45]. Gd

 3O2ity and shows a large bandgap around 5.4 eV [46]. Besides, Gdhigh thermal and chemical stabil

shows good biocompatibility and therefore it is used in cell imaging. W. Yanli et al. prepared a 

ls and the cell viability reached around 93% towards rat kidney cel 3O2:Gd3+nanocomposite of Eu

and after 2 days of  3O2shell NCs of ZnO and Gd-[44]. Further, A. Wozniak et al. synthesized core

incubation towards embryos for investigating the survival rate. They reported that the survival rate 

and GO might enhance  3O2taining Gdreached around 95% [47]. Therefore, fabricating NCs con

the optical and magnetic properties of HAP in addition to the biocompatibility, antibacterial 

activity and mechanical properties. 

 The current work is supposed to design nanocomposites with different combinations as 

and GO. TNC will have a hybrid  3,O2y/ternary NCs. The nanocomposites contain HAP, Gdbinar

and reinforced with nanosheets of GO. The hybrid matrixes are  3O2matrix containing HAP/ Gd

hypothesized to directly affect the topology of the surface and the ratio between the two ingredients 

could be shown  3O2is adjusted at 1:1 in the composite. Therefore, the properties of HAP and Gd

clearly. Further, the quantity of GO is much less than the other components to be a reinforcement 

material and to enhance the antibacterial and mechanical properties. In summary, this work is 

supposed to investigate and design ternary nanocomposites based on HAP/GO. Moreover, 

structural and physiochemical, and morphological studies will be done. The TNC will be tested in 

vitro towards different bacterial species and osteoblast cells. 



2. Materials and methods 

2.1. Inorganic chemicals 

O) (99%), ammonium 2.2H2All purchased chemicals are calcium chloride dyhadrate (CaCl

4HPO2)4hydrogen phosphate [(NH[ hydrochloric acid, (99%))3 O2(98%), gadolnium oxide (Gd 

98 %), graphite (98 %), ammonia solution (33 %). 4, (HCl, 33 %), potassium permenganet (KMnO

In addition, they were obtained from LOBA, ODISHA, and India. 

2.2. Synthesis procedure 

 O and 22H.2 h CaClprecipitation wit-The preparation of HAP was done using co

4HPO2)4[(NH[with 0.5 M and 0.3 M respectively in separated beakers. The used water in all  

stages was deionized water (DIW). The beakers are filled with 100 ml of DIW then the phosphate 

. 3a) and pH was kept at 11 ± 0.1 using NHsolution (P) is added slowly into the calcium one (C

Then the mixture was stirred at 1200 rpm for 2 hours. Then the mixture is left for 1 day to be 

precipitated and the precipitated gel was washed and filtered several times then dried in a drying 

Graphite was produced from a natural source,  and the powder was collected. Co60  -Cofurnace 50 

Hassawi rice biomass waste from Al-Ahsa governorate at eastern Saudi Arabia region, according 

to the highlighted pathway in scheme 1.  

 GO is prepared using the modified hummers method [48]. By strong mixing of 0.5 g of 

was added into the mixture and 4 . Then 12 g of KMnO4SO2graphite (G) added into 120 ml of H

stirred for 2 h. then it was followed by adding 300 ml of DIW with a slow rate ( 10 ml/h) then the 

. Then the mixture was stirred for 2O2lowly dropped with 10 ml of Hmixture was cooled and s

another 30 min at a high rate.  The mixture was filtered then dispersed in 500 ml of HCL 20 wt% 

C and o60  -C oin ultrasonic for 15 min. finally, the mixture was dried at a temperature around  50 

collected. 

All components were prepared, then the NCs were fabricated as followed: (1) 1 g of HAP, 

, (4) 1 g of HAP/ 0.05 g GO, and (5) 1 g of HAP/1 3O2Gd(3) 1 g of HAP/ 1 g of , 3O2(2) 1 g of Gd

/0.05 g of GO. 3O2Gdg of  



The NCs were dispersed in five tubes separately, and all tubes contained 10 ml of DIW by 

ultrasonicator for 15 min. Then all the tubes were centrifuged for 10 min at 6000 rpm for collecting 

.Co60 -the powder samples. The obtained powders were dried for several hours at 50 

2.3. XRD analysis  

radiation, λ=1.5404 Å, 45 kV, 40  α1The structural analysis was done using  (Pertpro, Cu k

mA, Netherlands). Then the analysis of the patterns was done using Qualx software in addition to 

-ooriginlab software to plot the estimated patterns. The investigation was done in the range of 5

.o60 

2.4. FTIR measurements 

The spectrum of FTIR was estimated using a spectrometer of (Perkin-Elmer 2000)  for all 

.1-4000 cm-compositions in the range of 400 

2.5. XPS measurements 

 The final powder was investigated using (PerkinElmer PHI 5600) XPS instrument up to 

1400 eV and with 0.1 eV resolution. 

2.6. TEM 

The transmission electron microscopy (TEM, JEOL/JME 2100) was used to investigate the 

morphology and microstructure of the nanocomposite.  

2.7. FESEM  

A field emission scanning electron microscope (FESEM, model: QUANTA-FEG250, 

Netherlands) was used for investigating the surface morphology and topology of NCs by analyzing 

the micrographs with Gwyddion 2.4 software. Further, the dimension analysis was done and 

measured by Image J 1.53e software. The elemental analysis has been done via the Energy-

dispersive X-ray spectroscopy (EDX), which is set up with FESEM apparatus.  

2.8. BET 



USA) was used to get the surface area data. The samples were -Quantachrome –(Nova 2000 series 

C.odried at 60  

2.9. In vitro cell viability tests 

C, the o  and at 37 2(DMEM, Gibpco) with 5% CO In Dulbecco's modified Eagle's medium

human osteoblastic cell line was cultured for measuring the ratio of cell viability. 

By putting 5 mg/20 ml of all samples in a 96 well plate and they were sterilized. The cell 

. The system was incubated for 2cells/cm 3density towards all samples was constant, around 5 × 10

3 days, the medium was removed, then was injected with MTT. Then by an optical analyzer, the 

viability ratio was detected and calculated as [49]: 

Viability (%) =
Optical density of samples

Optical density of control 
100     

The standard deviation and statistical analysis were estimated using Medcalc 15.0 software with 

repeating the experiment three times. 

2.10. Antibacterial activity 

 The anti-bacterial behavior was measured by using the diffusion desk method. 20 mg/ml 

of powder was taken to be measured from all compositions. Then the zone of inhibition was 

recorded to indicate the antibacterial behavior after 24 h of exposure. The exposure was against 

Staphylococcus aureus was obtained ( S.aureus), which was obtained from American Type Culture 

Collection (ATCC) Number 29213, while Escherichia coli was obtained ( E. coli) from ATCC 

number 25922. The experiment was repeated three times to obtain the standard deviation. 

2.11. Microhardness study 

The microhardness was studied using (TTS UNLIMITED INC. model: HWDM-7/Japan) with 

the imaging mode.  

3. Results and discussions 

3.1. XRD 



The patterns of all compositions are plotted in Fig. 1 and the hexagonal structure of HAP 

. These peaks belong to the (hkl) planes oand 25.91 oobvious peaks at 31.86is found from its most 

of (211) and (002). Further, the lattice parameters a and c are calculated with the value of 9.4285 

 3nd 519.476 ÅÅ, respectively. Furthermore, the volume of the hexagonal cell is arouand 6.7476 

which matches with the value of ICDD no. 01-073-0293. The peaks of HAP are broad which 

is  3O2indicates the low crystallinity of HAP and the formation of small crystals. Moreover, Gd

with its characteristic peaks at 6881 -210-detected as a cubic phase according to ICDD no. 00

. The detected peaks refer to the planes of (222), (400),(440), and o, and 56.28o , 47.49o , 33o28.39

 and 1275.2 Å (622), respectively. The calculated lattice constant a and volume are around 10.844

are sharper than HAP which refers to the relatively high crystallinity. 3O2Gd. The peaks of 3Å 

3.2. FTIR 

 The FTIR spectra are shown in Fig. 2 and the values of transmittance bands are reported 

in Table 1.  The HAP phase can be seen with the existence of bands containing different modes of 

which refer to vibrational, bending, and stretching modes  1-O such as 477,568, 605, and 1096 cm-P

might belong to bending and  1-at 413, 965, and 1035 cm. Further, the noticed bands [50] O-P-of O

stretching modes of 𝑃𝑂4
3− [51]. The affinity of HAP to absorb carbon dioxide during the 

.[52] 1-vibrational modes at 1421 cm 𝐶𝑂3
2−preparation stage can be noticed by the existence of  

Table 1. The bands of FTIR analysis and their assignments. 

HAP 
3O2Gd 

 

3O2HAP/ Gd 

 
HAP/GO 

HAP/ 

3O2Gd 

/GO 

Assignment Ref. 

--- 410 405 --- --- Gd-O [53] 

413 --- --- --- --- bending mode of 𝑃𝑂4
3− [51] 

477 
--- --- 

473 --- 
vibrational mode of O-P-

O 
[54] 

568 --- 565 565 566 bending mode of O-P-O [55] 

605 --- 604.6 603.6 603.6 bending mode of O-P-O [56] 

878 --- 873 875 874 vibrational mode of 𝐶𝑂3
2− [52] 



965 --- --- 964 963 𝑃𝑂4
3−stretching [57] 

1035 
--- 

1034 1033 1032 
anti-symetric stretch of 

𝑃𝑂4
3− 

[58] 

1096 --- --- 1092 1093.4 P-O stretching [50] 

1421 --- 1419 1423 1417 vibrational mode of 𝐶𝑂3
2− [59] 

1463 --- --- 1457 1489 C-O [57, 59] 

1640 1631 1638 1644 1631 absorbed water [57] 

2922 2920 2918 2922 2920 C-H vibrations [52, 59] 

3439 3435 3436 343438 3414 O-H vibrations [60] 

 

3.3.XPS 

 The detected peaks by the XPS are illustrated in Fig. 3(a-f) and listed in Table 2. The 

existence of O is detected at 532.28 eV which belongs to 1s orbital in addition to O-C=O and C-

O which are at 531.88 and 531.64 eV respectively [61]. Further, P is found by examining 2p orbital 

. [62] is detected at 133.64 eV 1/2resolution examination, P2p-ighat 134.27 eV and using the h

at 3/2 and 2p1/2 Furthermore, Ca is detected in the survey at 348.41 eV at the state of orbital 2p

351.12 and 347.58 eV [63]. The formation of GO can be confirmed by confirming O existence 

and C 1s, where at 285.16, 288.54, and 289.55 eV peaks which belong to C-O, C=C, and O-C=O 

respectively, and these groups are formed on the surface of GO [64]. Moreover, Gd 4d is observed 

at 144.79 eV, while Gd 3d is found at 1189.42 eV [65]. 

/GO.3O2sults of XPS investigation upon TNC of HAP/GdTable 2. The re  

Band Binding energy (eV) Assignment Refrence 

O 1s 531.88 O-C=O [61] 

O 1s 531.64 C-O [61] 

P 2p 133.64 1/2P2p [62] 

C 1s 285.16 C-O [63] 

C 1s 288.54 C=C [64] 

C 1s 289.55 O-C=O [64] 



Ca 2p 347.58 3/2Ca2p [62] 

Ca 2p 351.12 1/2Ca2p [62] 

Gd 4d 144.79 Gd [63] 

 

3.4. TEM 

 The TEM technique is used to investigate the shape and size of NCs which clarify 

microstructural changes to be connected with the chemical and structural studies to deeply 

in  3O2d) for HAP, Gd-biological response. All images are demonstrated in Fig. 4(a understand the

display rod  3O2addition to NC of their combination and TNC. It can be noticed that HAP and Gd

shape particles, which makes them difficult to be distinguished. The pure HAP shows nanorods 

shows  3O2with average length and diameter around 37 and 10.5 nm respectively, while pure Gd

larger dimensions around 40 and 12 nm respectively. The difference in size can be ascribed to the 

in XRD. Therefore, larger  3O2er for Gddifference in crystallinity which is noticed as high

exhibits a wide  3O2crystallites are formed and led to larger particles. However, the NC of HAP/Gd

range of sizes with an average diameter and length around 12 and 36 nm, respectively. Moreover, 

GO is noticed as a nanosheet with nanorods are grown on its surface. The TNC shows fewer 

aggregations which might indicate a less rough surface which can directly affect the amount of the 

releasing ions. Furthermore, the dimensions of nanorods are around 9.5 and 27 nm for diameter 

and length respectively. The incorporation of GO nano-sheets inside the matrix of nanorods can 

affect directly the mechanical properties by filling pores leading to inhibiting crack propagation 

[66]. Therefore, the maximum tensile strength and fracture can be enhanced.  

3.5. Surface topography 

 The surface morphology is studied using FESEM and illustrated in Fig. 5(a-d). There are 

two obvious shapes which are nanorods and nanosheets with non-uniform size distribution. The 

which matches well with the results of TEM 3 O2than Gdpure HAP shows smaller nanorods 

images. The diameter and length of HAP are around 24 and 87 nm, while around 35 and 98 nm 

/HAP. The topology of HAP seems to be rough and that might be due to its low 3O2for Gd

crystallinity. In general, the nano-sized materials contain a high surface area, and more grain 

boundaries leading to more reactivity at these boundaries [67]. Therefore, the high density of 



crystallographic defects directly affects biological performance by improving the number of active 

and small ones for  3O2shows large grains for Gd 3O2sites [68]. On the other hand, NC of HAP/Gd

HAP which might increase the smoothness of the composition and increase the average size in 

addition to relatively high porosity. The increase in porosity induces a larger channel to nutrient 

and oxygen transportations into the cells [69]. Further, NC which contains GO and HAP shows 

nanorods aggregations on the nanosheet surface of GO with a diameter around 20 nm and length 

around 80 nm. This means a decrease in the size of HAP grains which can be ascribed to the ability 

of GO to inhibit the growth of nanorods. Furthermore, TNC shows nanorods and nanosheets with 

relatively lower porosity which can affect the biological response. The diameter and length of 

nanorods increased to be around 25 and 85 nm respectively. However, the incorporation of 

nanosheets into the nanorod matrix in the existence of a relatively high porosity can affect directly 

on the mechanical properties and biological response and cell adhesion between the biomaterial 

and osteoblast cells. 

3.6 Roughness behavior 

 The topographical investigation of all compositions based on FESEM micrographs and all 

highest d), while the numerical results are listed in Table 3. The -graphs is demonstrated in Fig. 6(a

) belongs to HAP and NC of HAP/GO with the same value of 4.8 nm. The aroughness average (R

) for HAP is tdifference lies in the other parameters where, the maximum height of roughness (R

around 41.6 nm, while for HAP/GO is around 55.7 nm. In addition, other important parameters 

) which are 0.1 and 3.6 nm for ku) and kurtosis (Rskmust be taken into consideration as skewness (R

HAP, while -0.3 and 5.9 nm for HAP/GO. That can indicate that at HAP/GO despite high 

roughness which means high surface area and more available sites, the viable cells will not increase 

in HAP/GO refers to the tendency of the material to form  skdramatically. The negative value of R

at indicates that the peaks in th kuvalleys more than asperities, while the relatively high value of R

sample are sharper than the others [70]. Therefore, a sharp valley can induce relatively low-stress 

concentration than sharp asperities which can affect stresses lied on the cells from the implant [71]. 

arpness increased in the value of forming at TNC decreased to 4.1 and the sh aHowever, the R

at TNC  aare around 0.3 and 3.7 nm respectively. The decrease in R kuand Rsk asperities, where R

can indicate a decrease in the contact area and consequently might improve the lifetime of the 

implant lowering the released ions [72].  



Table 3. The roughness parameters for all compositions. 

composition (nm)a R (nm) qR (nm) tR (nm) vR (nm) pR (nm) tmR skR kuR 

HAP 4.8 6.3 41.6 20.1 21.5 33.6 0.1 3.6 

3O2HAP/Gd 4.1 5.5 41.1 20.1 21 28.8 -0.2 4.5 

HAP/GO 4.8 7.0 55.7 27.9 27.8 32.6 -0.3 5.9 

3O2HAP/GO/Gd 4.1 5.4 36.1 15.2 20.8 26.7 0.3 3.7 

 

3.7. EDX 

The elemental analysis EDX can confirm the existence of compounds on the surface based 

on FESEM which can give an indication about the stoichiometric value of the components. 

However, the results are listed in Table 4 and illustrated in Fig. 7. The oxygen shows a 50.15% 

atomic percentage due to its existence in all compounds. Further, the Ca/P ratio is around 1.4 which 

is close to the stoichiometric ratio of 1.67. In addition, detecting carbon with 18.71% atomic 

percent can confirm the existence of a carbon compound which is GO. The detection of all 

/GO.3O2the formation of TNC of HAP/ Gdelements can confirm  

 Table 4. The elements of TNC from EDX analysis with their percentages. 

Element Atomic % 

Weight % 

 

C K 18.71 9.83 

O K 50.15 35.1 

P K 12.51 16.96 

GdL 1.06 7.31 

CaK 17.56 30.79 

 

3.8. BET 

 The adsorption-desorption hysteresis is plotted in Fig 8 between the relative pressure and 

the volume adsorbed by nitrogen gas while Table 5 shows the calculated values.  The cumulative 

mailto:7.5CuO@PVDF
mailto:7.5CuO@PVDF
mailto:10.0CuO@PVDF


e same surface area using /g which is higher than th2is around 47.04 m 3O2surface area of HAP/Gd

/g. That result was predictable and noticed in the 2DFT method of TNC which is around 44.62 m

was rougher than TNC  3O2topological analysis in the roughness section. The surface of HAP/ Gd

which explains why the surface area of TNC is smaller. In addition, the total average particle radius 

using BET was higher for TNC. On the other hand, BET calculated the average of all particles. 

/GO which can 3O2is larger than HAP/ Gd 3O2However, the total average pore size of HAP/ Gd

affect directly on the biological response. The more porosity and pore size or volume, the more 

nutrients and oxygen can be reached to the cells [73]. Therefore, more proliferation and more 

viable cells. 

and TNC 3 O2analysis of HAP/ GdHalenda (BJH) -Joyner-Table 5. The numerical values of  Barrett

/GO.3O2of HAP/ Gd 

Property 3O2HAP/Gd /GO3O2HAP/Gd 

DFT method cumulative 

surface area 

/g)247.04 (m /g)244.62 (m 

DR method micropore surface 

area 

/g)2160.66 (m /g)2114.08 (m 

Total Pore Volume /g30.184 cm /g30.169 cm 

Average Pore Size 7.99 nm 7.72 nm 

BET Surface area 46.07 m²/g 43.81 m²/g 

Average Particle radius 29.25 nm 31.12 nm 

 

3.9. Antibacterial activity 

 and GO shows an improvement in the activity against  3,O2The combination of HAP, Gd

both strains. The graph is plotted in Fig. 9 in addition to a comparison between different 

 3O2combinations and their results. Pure HAP showed no activity against both strains, while Gd

exhibited a zone of inhibition around 13.4 ± 0.4 and 13.8 ± 0.2 mm against E. coli and S. aureus 

into the HAP matrix showed a zone of inhibition around 12.5  3O2respectively. The addition of Gd

± 0.3 and 12.9 ± 0.4 mm against both strains. Further, GO with no addition showed antibacterial 

behavior reached 13.2 ± 0.5 and 13.8 ± 0.3 mm, while the TNC showed enhancement in that 



behavior which reached 14.6 ± 0.4 and 15.2 ± 0.4 mm against E. coli and S. aureus, respectively 

can be ascribed to the existence of GO  as in Table 6. The enhancement of antibacterial activity

which have shown antibacterial behavior in their pure phases. Furthermore, the  3O2and Gd

morphology of GO which showed as sheets can indicate more sharp edges which can cause damage 

to the bacterial cell membrane [74, 75]. Moreover, the nanoparticles can penetrate the bacterial 

cells and directly harm DNA or essential components in bacteria in addition to the reactive oxygen 

species (ROS) which might be formed [76, 77].  

Table 6. A comparison between different nanocomposites according to the antibacterial activities. 

Composition 
Inhibition zone of E. 

coli (mm) 

Inhibition zone of 

S.aureus (mm) 
Reference 

Ag-HAP 18 ± 0.5 17 ± 0.5 [78] 

HAP/PCL/gentamicin ~4.2 -- [79] 

HAP/Ag 19 21 [80] 

CTS/PVA 4 6.3 [81] 

CTS/PVA/GO/HAP/Au 17 18 [81] 

HAP/GO/CdSe 20.4 21.4 [82] 

HAP/GO/Ag/cellulose -- 25 [83] 

HAP/Cs/PVA/Au 13 15 [81] 

Gentamicin 

sulfate/HAP/phosphate 

glass 

32.9 ± 0.1 31 ± 0.4 [84] 

ZnO/HAP 11 ± 0.3 16 ± 0.3 [85] 

3O2HAP/GO/ Gd 14.6 ± 0.4 13.8 ± 0.3 Current study 

 

3.10. Cell viability 

 The cytotoxicity of all compositions towards osteoblast human cell line is illustrated in 

Fig. 10. The non-toxic effect of HAP can be noticed where the viable cells are around 95.6 ± 0.6 

howed good biocompatibility with a value of 94.3 ± 0.7 % s 3O2% of the control sample. Also, Gd

showed 94.8 ± 0.9 % which can be considered as low 3 O2and therefore the NC of HAP/ Gd



toxic effect of GO. -cytotoxicity. Further, HAP/GO showed 95.2 ± 0.6 % which indicates the non

/GO exhibited cell viability around 96.7 ± 0.5 % which is an improvement 3O2Therefore, HAP/Gd

in the number of viable cells due to the existence of three biocompatible components in one 

tion to composite. The small number of released ions in the NCs led to high cell viability in addi

ions from the HAP structure which can increase the adhesion and an  5+and P 2+the existence of Ca

essential for growing the cells. Moreover, the enhancement in morphology and size of particles 

might affect by increasing the adhesion of the cells with the composite. 

3.11. Microhardness 

The microhardness is an indication of the mechanical properties and that refers to the ability of the 

material to resist the penetration. The pure HAP shows microhardness around 2.8 ± 0.1 GPa, while 

to HAP 3 O2less resistance with a value of 2.4 ± 0.2 GPa. The addition of Gd shows3 O2Gdthe pure 

and hardness reached 2.7 ± 0.2 for the NC.  3O2can aim to enhance the mechanical properties of Gd

/GO 3O2The NC of HAP/GO showed microhardness around 2.8 ± 0.1 GPa, while TNC of HAP/ Gd

exhibited development in the resistance of penetration, where hardness reached 3.1 ± 0.2 Gpa 

which is close to the previous results as seen in Table 7. The enhancement of mechanical properties 

can be ascribed to the ability of GO to inhibit the crack propagation inside the HAP matrix. In 

 addition, The sheet structure of GO might fill the pores which reinforced the composite [86, 87].

The improvement in mechanical properties can introduce enough support for the growing tissues.  

Table 7. A comparison between different composites containing HAP. 

Composition Microhardness (GPa) Reference 

HAP/multi-walled carbon 

nanotubes 
4.0 [88] 

/HAP2TiO 0.13 [89] 

Co/Cr/Mo alloy 3.7 [90] 

Co/Cr/Mo/HAP 5.7 [90] 

Polyetheretherketone/HAP 0.3 [91] 

Silk fibron/HAP ~0.4 [92] 

3O2HAP/GO/ Gd 3.1 ± 0.2 Current study 

 



4. Conclusion 

Hydroxyapatite (HAP) was synthesized via chemical co-precipitation and then it was combined 

) to form a ternary nanocomposite (TNC). 3O2with graphene oxide (GO) and gadolinium oxide (Gd

parameters ku and R sk) decreased from 4.8 to 4.1 nm, while Rae roughness parameter (RThe averag

increased from 0.1 and 3.6 nm to 0.3 and 3.7 nm respectively. Furthermore, the morphological 

and HAP were with the same shape which is nanorod shape. The  3O2examination showed that Gd

diameter of nanorods decreased from 10.5 to 9.5 nm, while the length started at 37 nm and 

/g. In 3decreased to 27 nm. Moreover, the total pore volume decreased from 0.184 to 0.169 cm

to HAP/  3O2Gd/g from NC of HAP/ 2T surface area started from 46.07 to 43.81 maddition, BE

/GO respectively. The mechanical properties enhanced, where hardness improved from 2.8 3O2Gd

± 0.1 to 3.1 ± 0.2 GPa from pure HAP to TNC. Furthermore, in vitro study shows that antibacterial 

and reached 14.6 ± 0.4 and 15.2  3O2Gdactivity of poor HAP developed by the addition of GO and 

± 0.4 against E. coli and S. aureus respectively. 
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Scheme 1: Route for the production of graphite and graphene oxide from Hassawi rice biomass waste 
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Fig 1. The XRD pattern from 6o to 600 for HAP, Gd2O3, HAP/ Gd2O3, HAP/GO, and HAP/ 

Gd2O3/GO. (*) refers to the main peaks of HAP, while (·) refers to the characteristic peaks of 

Gd2O3. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Fig 2. FT-IR spectra of all compositions in the range of 4000-400 cm-1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Fig 3. (a)  XPS investigation of TNC survey, while (b-f) are XPS analysis of C1s, Ca2p, O1s, 

P2p, S2p, and Gd4d respectively. 
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Fig 4. TEM micrographs of (a) HAP (b) Gd2O3, (c) HAP/ GO (d) HAP/ Gd2O3/GO ternary-

nanocomposite. 
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Fig 5. FESEM scan, which shows the morphology of (a) HAP, (b) HAP/ Gd2O3 (c) HAP/ GO, 

and (d) HAP/ Gd2O3/GO TNC. 
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Fig 6. The obtained roughness micrographs of FESEM scanning, where (a) HAP, (b) HAP/ 

Gd2O3 (c) HAP/ GO, and (d) HAP/ Gd2O3/GO nanocomposites respectively. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7. The EDX analysis based on SEM for HAP/ Gd2O3/GO nanocomposite. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Fig. 8 The relative pressure relation with the volume adsorbed, where the black line is the 

adsorption and the red line is desorption. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Fig 9. The inhibition zone of the anti-bacterial behavior of the NCs against E.coli and S. aureus 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

Fig 10. Cell viability of the composites toward the human osteoblast cells in vitro. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

Fig. 11 The microhardness investigation with the standard errors for all compositions. 

 


