
                     

   

* Corresponding author: Ghassan Abdul-Hamid Naji 

 E-mail: Email: drghassan74@yahoo.com 

© 2022 by SPC (Sami Publishing Company) 

 

Journal of Medicinal and Chemical Sciences 

Journal homepage: http://www.jmchemsci.com/ 

 

 
 

Original Article 

Differential Analyses of Naturally Prepared and Synthetic 
CaCO3/SiO2 Composite Implant Coating Material: an in vitro Study 

Rehab Aamer Kareem1 , Ghassan Abdul-Hamid Naji2,*, Salam N. Jawad3 

1Department of Prosthodontics, College of Dentistry, University of Dijlah, Baghdad, Al-Masafi street, Iraq 
2Department of Prosthetic Dentistry, College of Dentistry, University of Baghdad, Bab-Almoadham, P.O. Box 1417, 
Baghdad, Iraq 
3Al-Kunooz University College, Basrah, Iraq 
 

A R T I C L E     I N F O 
 

A B S T R A C T 

Article history 

Received: 2021-12-31 

Received in revised: 2022-02-03 

Accepted: 2022-02-06 

Manuscript ID: JMCS-2112-1377 

Checked for Plagiarism: Yes 

Language Editor:  

Ermia Aghaie 

Editor who approved publication: 

Dr. Ahmad Reza Moosavi-Zare 

DOI:10.26655/JMCHEMSCI.2022.4.13 

 This study aims to present the evolvement and characterization of two 
innovative bioactive coating composite materials overlying Yttria-stabilized 
tetragonal zirconia substrate. The differential analyses between artificial 
CaCO3/SiO2 and novel natural prepared CaCO3/SiO2 composite implant-
coating material.  
The methodology of the present study involved forty disc-shaped specimens 
with a dimension of 10 mm, and twenty disc-shaped samples with 50 mm 
diameter were prepared from partially sintered Yttria-stabilized tetragonal 
zirconia polycrystal. The naturally prepared composite was deposited via 
radio frequency reactive magnetron sputtering. The experimental specimens 
were characterized by X-ray diffraction (XRD), field emission scanning 
electron microscope (FE-SEM), energy-dispersive X-ray spectroscopy (EDS), 
X-ray fluorescence (XRF), and atomic force microscope (AFM). A wettability 
test was conducted using the mean of contact angle measurement. Pull-off 
tests were also performed to assess the adhesion strength between zirconia 
substrate and the experimental coating materials.  
 According to the outcomes of the present study, we concluded that the 
naturally prepared CaCO3/SiO2 composite exhibits more hydrophilicity with 
an improvement in the adhesion force to the zirconia substrate compared to 
the artificial CaCO3/SiO2 composite. Therefore, it can be used as a coating 
material for zirconia implants with promising biological and mechanical 
properties. 
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Introduction 

Dental implants have been extensively used to 

support prosthodontic restorations, removable 

and fixed, and maxillofacial restorations, with a 

high degree of success [1]. Different types of 

material were used as implants; the most 

common is titanium and its alloy, and recently 

zirconia acquired robust interest due to many 

desirable properties [2]. The materials above, 

titanium, and zirconia are regarded as bioinert 

materials that necessitate the use of bioactive 

material, a coating overlying the bioinert 

substrate [3]. The selection of the bioactive coat 

depends on physicochemical characteristics and 

the availability and affordability of the material. 

Natural biocomposites recently received 

widespread attention as an active coating 

covering metallic implants due to their 

bioactivity, availability, and affordability [4]. 

Micro-nano organizational amendment of the 

implant's surface may improve bone conductivity 

and hydrophilicity and decrease the conducted 

stress [5]. Calcium oxide/silicon dioxide-built 

bioceramics have been considered probable 

alternatives for artificial bone due to their 

excellent biocompatibility and Osseoinductivity 

[6]. In recent years, employment of by-products 

or leftover agricultural operations received a 

wide broad consideration in emerging 

technologies, scientific pursues, and biological 

scopes [7]. Rice husk is an agricultural residue 

material plentifully available in Iraq and rice-

producing countries. Rice husk ash is rich in silica 

and can manufacture silica powder [8]. Several 

authors reported that the rice husk ash was an 

exceptional resource for amorphous silica [9, 10]. 

Chicken eggshell agricultural junks represent the 

environmental pollution problems. The chemical 

composition of eggshells is composed mainly of 

calcium carbonate CaCO3 [10]. Eggshell is 

regarded as massive pollution for the 

environment. Ais regarded as massive pollution 

for the environment and a rich source for CaCO3 

and CaO, making the opportunity to utilize 

eggshell as an alternative sustainable source for 

bioactive osteoconductive material [11]. This 

study aims to characterize and differentially 

analysis between artificial and novel natural 

prepared calcium carbonate (CaCO3)/ silica SiO2 

composite as a bioactive implant-coating 

material. 

Materials and Methods 

Smaple Preparation 

Disc-shaped specimens with a dimension of 2 mm 

thickness and 6 mm diameter were prepared 

from partially sintered Yttria-stabilized 

tetragonal zirconia polycrystal (Y-TZP) (Vita, 

Zahnfabrik H. Rauter GmbH & Co., Germany) 

substrate using Exocad dental computer aid 

design/computer aid manufacture (CAD/CAM), 

Imes Icore CORiTEC 250i, Germany [12]. The 

specimens were sintered with Vita ZYRCOMAT 

6000 MS sintering furnace showed in, 40 

specimens with 10 mm diameter (10 specimens 

for each test) were recruited for x-ray diffraction 

(XRD) (Lab X, XRD 6000, SHIMADZU, Japan), field 

emission scanning electron microscope (FESEM) 

(Inspect f50 FE-SEM; Netherland), energy-

dispersive X-ray spectroscopy (EDX) (Bruker, 

Italy), X-ray fluorescence (XRF) (PAN analytical 

laboratories, Tehran, Iran.) and atomic force 

microscope (AFM) (ICAN, Iran). Other twenty 

specimens were fabricated in a disc with a 

diameter of 50 mm specific for adhesion and 

wettability tests [12,13]. The specimens were 

divided into two groups; in the first group, the Y-

TZP specimens were coated with a natural 

prepared CaCO3/ SiO2 composite. In the second 

group, the specimens were coated with artificial 

calcium carbonate (CaCO3)/ silica SiO2 composite 

(Silica; Thomas Baker PVT. Limited Mumbai, 

India 141891. 

Calcium carbonite; Thomas Baker PVT. Limited 

Mumbai, India 29946). 

The natural composite coating comprises two 

natural bioactive ingredients; 90%Wt avian 

eggshell-derived calcium carbonate and 10%Wt 

rice husk-derived silica. It had been prepared as 

recommended by Kareem and Naji in 2021 [10]. 

CaCO3 was derived from chicken eggshell as 

follow; the eggshell had been crushed and 

pulverized with water in ball milling resulting in 

the slurry mixture, dehydrated at 105 °C for 24 h 

producing a fine powder which soaked in 50% 

Sodium Hypochlorite for 10 min then rinsed with 

water copiously and desiccated at 105 for 1 h 
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followed by pulverizing until the powder passed 

through a sieve no. 230. On the other hand, silica 

was derived from Iraqi rice husk as described; 

the rice husk was crushed, washed, and 

dehydrated at 105 for 70 °C, then leached with 1 

M hydrochloric acid for 2 h at 90 °C and rinsed 

with deionized water copiously till reach 

neutralization. The resulted mix was calcinated at 

700 °C for 2 h then mixed with 1.5 M NaOH for 1 

h at 90°C to produce sodium silicate solution, 

which mixed with 99% ethanol then water with 

stirring for 10 min followed by titration with 3 M 

orthophosphoric acid to form a yellowish gel at 

neutralized PH. The resulted gel was centrifuged, 

thoroughly washed with warm distilled water, 

and after drying, calcinated at 550 °C for 30 min 

[10]. 

Coating procedure  

According to the pilot study, 20 g of the mixture 

of calcium carbonate/silica (ratio of 90/10 % by 

weight) powder was prepared and pressed via 

cylindrical stainless-steel mold with a dimension 

of 51 mm diameter and 7 mm height to reduce 

the porosity and vacancies between the particles 

and to produce a disc-shaped specimen with a 

diameter of 50 mm and thickness of 4 mm. Then, 

the discs were sintered at 900 °C for 6 h to reach 

sufficient toughness to resist fracture during 

sputtering [14]. 

The bioactive composite was deposited on Y-TZP 

substrate through radiofrequency reactive 

magnetron sputtering utilizing SiO2/CaCO3 as a 

sputtering target. The composition of reactive gas 

is composed of argon as the sputtering gas. The 

base pressure in the vacuum chamber is 1 × 10−5 

Torr, and the working pressure was 6 × 10-3 Torr. 

The distance between the target and substrate 

was 10 cm, and the time of deposition was 20 h at 

150 °C and at a frequency equal to 13.56 MHz. 

[15].  

Structural characterization and physical tests 

Field emission scanning electron microscope (FE-

SEM) is an essential microstructural analysis 

technique to evaluate the compounds' 

characteristics [16]. In the present work, FE-SEM 

with an accelerating voltage of 10–20 Kv was 

used to reveal the microstructure of the 

experimental biological coat, including naturally 

prepared rice husk-derived silica and eggshell-

derived calcium carbonate composite. FE-SEM 

was used to diagnose the phases distribution of 

particles as well as to characterize the 

morphology of the prepared specimens  

[17]  

Energy dispersive X-ray (EDX) spectroscopy was 

utilized for elemental identification by calculating 

the number and X-ray energy emitted from the 

sample after excitement with an electron beam 

[18]. EDX spectroscopy was conducted in the 

Technology University/ Department of Applied 

Sciences.  

X-ray fluorescence (XRF) data were analyzed to 

characterize the elemental composition of the 

coated zirconia substrate [19]. The XRF analysis 

of the coating composition was accomplished at 

Arya electron optic LTD for advanced scientific 

and industrial equipment, North Shiraz Ave, 

Tehran, Iran. 

Atomic force microscope, a very-high-resolution 

type of scanning probe microscopy (SPM) was 

utilized for the determination of the 3-

dimensional topographies of the surface to 

investigate the distribution of the atoms (Figure 

1) [21]. 

The wettability of the specimens was assessed 

through static contact angle measurement using a 

contact angle goniometer device (Si-plasma CAM 

110, creating nanotechnologies, Taiwan) in 

adjunctive to The Drop Image Software linked to 

the goniometer, and provides the angle 

measurements [20].  

All the coated specimens were then subjected to 

adhesion testing (pull out test) (Lasting adhesive 

tester, Posi Test AT-M AT09442) to assess the 

adhesion bond between the composite and 

zirconia disc. 

Results and Discussion 

Phytochemical Investigation 

In this study, the results XRF analysis of coated 

specimens indicated a significant quantity of CaO, 

which referred to the presence of CaCO3, which is 

the main component of the coated composite as 

listed in Table 1. The cross-section FE-SEM 

pictures of the coated zirconia specimens 

exhibited an average thickness of the artificial 

CaCO3/SiO2 coat layer that may reach 9.969 µm. 
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While the natural CaCO3/SiO2 coat layer may 

reach to12.84 µm as shown in Figure 2. The 

increased thickness of natural composite may be 

attributed to the high cohesion bonding between 

its particles. The coating surface microstructure 

of natural CaCO3/SiO2 on zirconia substrate 

exhibited more porosity than artificial 

CaCO3/SiO2, as illustrated in Figure 3. This might 

be due to increased thickness or may be 

attributed to the size of particles of the natural 

composite.  

Table 1: XRF Elemental analysis of coated zirconia substrate 

Element wt % Element Ppm 
SiO2 4.255 S 1276 

Al2O3 0.198 Cl 509 
Fe2O3 N Ba 32 
CaO 45.5 Co N 

Na2O 0.121 Cr N 
K2O N Cu 17 
MgO 0.213 Mo N 
MnO 0.013 Nb 115 
TiO2 0.018 Ni 14 
P2O5 >40% Pb 107 
LOI 3.18 Rb 46 
SO3 3.0972 Sr 116 

EDX had been used to support the findings FE-

SEM images [23]. The spectra of uncoated 

specimen postulated the constituent of Zr, Y, O. 

While the spectra of both coated groups, artificial 

and natural CaCO3/SiO2 indicated the content of 

Zr, Y, O, Ca, and C. as presented in Figure 4. The 

outcomes of chemical analysis are presented in 

Table 2 and 3. 

Table 2: EDX results for the substrate coated with natural CaCO3/SiO2 

Element Mass (%) Atom (%) 
Zirconia 60.65 27.29 
Carbon 21.28 22.3 
Calcium 15.1 39.64 
Oxygen 2.85 9.97 
Silicon 0.11 0.17 
Total 100 100 

 

Table 3: EDX results for the substrate coated with artificial CaCO3/SiO2 

Element Mass (%) Atom (%) 
Zirconia 0.94 0.19 
Carbon 39.11 59.62 
Calcium 40.08 18.31 
Oxygen 18.13 20.75 
Silicon 1.75 1.14 
Total 100 100 

 

The EDX maps of coated specimens for both 

coating materials (natural and artificial 

CaCO3/SiO2) demonstrated the excellent 

distribution of Ca, C, Si, and O as demonstrated in 

(Fig. 5 and 6). The XRD analysis of the coated 

zirconia substrate is illustrated in Figure 7. The 

data acquired from the XRD pattern is identical 

with the diffractogram of the natural rice husk-

derived silica/eggshell-derived CaCO3 composite 

powder proved by Kareem and Naji in 2021 [10]. 

Atomic force microscope images in Figures 8 and 

9 display representative 2D and 3D surface 

images for artificial and natural coated 

specimens, respectively. The images expressing 

the color bar represent the average surface 

roughness (Ra) values. The color bar ranged from 

the bottom with a darker shade (blue) to lighter 

shade of red. The high peaks of the rough surface 

are represented by the red color, while the valley 

depth is represented via the blue color, and the 

in-between colors express the areas between the 

peaks and valleys. The surface profile images 
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exposed rough areas as specified by the red 

colors and the color variations were not smooth 

across the measured area of the coated zirconia 

[24]. Pull off test was accomplished to evaluate 

the adhesion of a coating onto the zirconia 

sample by assessing the minimum tensile stress 

needed to detach or rupture the coating 

perpendicular to the zirconia substrate. The 

attained results of the two groups artificial and 

naturally prepared CaCO3/SiO2 presented in 

Table 4 display the means, standard deviations, 

and t-test, indicating a highly significant 

difference between the two groups; artificial and 

natural CaCO3/SiO2 coated substrates. The 

natural CaCO3/SiO2 exhibits increased adhesion 

with zirconia substrate more than artificial 

CaCO3/SiO2; this intensification may be attributed 

to the presence of active amorphous silica within 

the natural composite. 

Table 4: Statistical data of pull-off test 

Group Mean(±SD) t-test 
Artificial CaCO3 /SiO2 133.75 (±4.3) 

17.54** 
Natural CaCO3 /SiO2 170 (± 4.1) 

**p value < 0.0001 

Wettability (hydrophilic property of coat) is 

regarded as a crucial property because it directly 

affects the biocompatibility of the coat in the 

physiological surroundings, enhancing the 

osteointegration and osteoconduction [25]. Table 

5 demonstrates the wettability assessed by 

contact angle measurement. The mean contact 

angle of natural CaCO3 /SiO2 was significantly 

higher than artificial CaCO3 /SiO2 (p < 0.0001), 

indicating the more hydrophilicity of the natural 

composite. The enhancement of hydrophilicity of 

natural composite may be due to the decreased 

size of its particles. 

Table 5: Statistical data of wettability test 

Contact angle 
Mean (±SD) 

Natural CaCO3 / SiO2 Artificial CaCO3 / SiO2 

66.969` 80.982 

t-test value 18.8** 
** P < 0.0001 

Conclusions 

Recently, byproduct and waste management for 

developing new products has gained immense 

interest. Within the limitations of the current 

study, a biological CaCO3/SiO2 composite was 

prepared from avian eggshell and rice husk via 

simple methods to coat the zirconia substrate. 

The microstructural, elemental composition, and 

bonding analysis confirmed the improvement in 

the adhesion force of naturally prepared 

CaCO3/SiO2 composite to the zirconia substrate 

compared to the artificial CaCO3/SiO2 composite. 

The results of the wettability test indicate the 

more hydrophilicity of the natural composite. 

Therefore, it can be used successfully as a coating 

material for zirconia implants with promising 

biological and mechanical properties. 

 

Acknowledgments 

The authors would like to appreciate the 

University of Baghdad / Faculty of Dentistry and 

Dijlah University for their support. 

 

Data Availability 

The data file of this study is available from the 

corresponding authors upon reasonable request. 

 

Funding 

This research did not receive any specific grant 

from fundig agencies in the public, commercial, or 

not-for-profit sectors. 

 

Authors' contributions 

All authors contributed toward data analysis, 

drafting and revising the paper and agreed to 

responsible for all the aspects of this work. 

 

Conflict of Interest 
The authors have no conflicts of interest relevant 

to this article. 
 

ORCID 

Rehab Aamer Kareem: 

https://www.orcid.org/0000-0001-5575-2064 
 

 

https://www.orcid.org/0000-0001-5575-2064


 Naji G.A.H., et al. / J. Med. Chem. Sci. 2022, 2022, 5(4) 581-586 

586 | P a g e  

 

References 

[1].  Micsh C., Dental implant prosthetics, 2nd ed. 

Elsevir, 2015[Google Scholar] [Publisher] 

[2] Koike M., Jacobson D., Chan K.S., Okabe T., J. 

Dent. Mater., 2009, 28:587 [Crossref] [Google 

Scholar] [Publisher]  

[3] Resnik R.R., Misch's contemporary implant 

dentistry e-book. Elsevier, 2021 [Google Scholar] 

[Publisher]  

[4] Priyadarshini B., Rama M., Chetan U., 

Vijayalakshmi U., J. Asian Ceram. Soc., 2019, 7:397 

[Crossref] [Google Scholar] [Publisher]  

[5] Dong H., Liu H., Zhou N., Li. Q., Yang G., Chen 

L., Mou Y., Coatings, 2020, 10:1012 [Crossref] 

[Google Scholar] [Publisher]  

[6] Liu N., Zhang N., Zhao D., Yunfeng W., J. Mater. 

Sci.: Mater. Med., 2018, 29:138 [Crossref] [Google 

Scholar] [Publisher]  

[7] Vakalova T.V., Pogrebenkov V.M., Karionova 

N.P., J. Ceram. Int., 2016, 42:16453 [Crossref] 

[Google Scholar] [Publisher]  

[8] Sompech S., Dasri T., Thaomola S., J. Orient. 

Chem., 2016, 32:1923 [Crossref] [Google Scholar] 

[Publisher]  

[9] Azmi M.A., Ismail N.A.A., Rizamarhaiza M., 

Taib H., AIP Publishing LLC, 2016, 1765:243 

[Crossref] [Google Scholar] [Publisher] 

[10] Kareem R.A., Naji G.A.H., PJMHS, 2021, 

15:237 [Google Scholar] [Publisher] 

[11] Ayawanna J., Kingnoi N., Laorodphan N., 

Mater. Lett., 2019, 241:39 [Crossref] [Google 

Scholar] [Publisher]  

[12] Safi I.N., Hussein B.M., Al-Shammari A.M., J. 

Laser Appl., 2019, 31:032002 [Crossref] [Google 

Scholar] [Publisher]  

[13] Jassim M.M., PhD. Thesis. Baghdad 

University. College of dentistry, 2019 [Google 

Scholar] [Publisher] 

[14] Surmenev R., Vladescu A., Surmeneva M., 

Braic M., Ivanova A., Braic M., 1st ed. In tech. Open, 

2017, Ch. 12, 242 [Crossref] [Google Scholar] 

[Publisher]  

[15] Bramowicz M., Braic L., Azem F.A., Kulesza S., 

Birlik I., Vladescu A., J. App. Sur. Sci., 2016, 

379:338 [Crossref] [Google Scholar] [Publisher]  

[16] Zaidan S., Silicas N., Haider J., Jahantigh J., 

Symmetry, 2021, 13:976 [Crossref] [Google 

Scholar] [Publisher]  

[17] Beltran V., Weber B., Lillo R., Manzanares 

M.C., Sanzana C., Fuentes N., Acuña-Mardones P., 

Valdivia-Gandur I., Metals, 2021, 11:2 [Crossref] 

[Google Scholar] [Publisher]  

[18] Gupta S., Puraba M.K., Gupta R.R., Ann. 

Romanian Soc. Cell Biol., 2021, 25:7332 [Google 

Scholar] [Publisher]  

[19] Qin W., Kolooshani A., Kolahdooz A., Saber-

Samandari S., Khazaei S., Khandan A., Colloids 

Surf. A: Physicochem. Eng. Asp., 2021, 621:126581 

[Crossref] [Google Scholar] [Publisher]  

[20] De Santis S., Sotgiu G., Porcelli F., Marsotto 

M., Iucci G., Orsini G., Nanomaterials, 2021, 

11:445 [Crossref] [Google Scholar] [Publisher]  

[21] De Oliveira A., Placias F.G., Da Silva Sobrinho 

A.S., Leite D.M., Miyakawa W., Neto J.J., Liberatore 

A.M., dos Santos M.A., Matieli J.E., Massi M., Thin 

Solid Films, 2021, 719:138487 [Crossref] [Google 

Scholar] [Publisher]  

[22] Bashir A.S.M., Manusamy Y., J. Eng. Research. 

and Tech., 2015, 2:56 [Google Scholar] 

[Publisher] 

[23] Nawaz Q., Fastner S., Rehman M.A.U., 

Ferraris S., Perero S., Di Confiengo G., Boccaccini 

R.A., J. Mater. Sci., 2021, 56:7920 [Crossref] 

[Google Scholar] [Publisher]  

[24] Maver T., Mastnak T., Mihelič M., Maver U., 

Finšgar M., Materials, 2021, 14:1464 [Crossref] 

[Google Scholar] [Publisher]  

[25] Peng C., Izawa T., Zhu L., Kuroda K., Okido M., 

ACS Appl. Mater. Interfaces, 2019, 11:45489 

[Crossref] [Google Scholar] [Publisher] 

 

HOW TO CITE THIS ARTICLE 
Rehab Aamer Kareem, Ghassan Abdul-Hamid Naji, Salam N. Jawad. Differential Analyses of Naturally Prepared and 
Synthetic CaCO3/SiO2 Composite Implant Coating Material: an in vitro Study. J. Med. Chem. Sci., 2022, 5(4) 581-586 
http://dx.doi.org/10.26655/JMCHEMSCI.2022.5.5  
URL: http://www.jmchemsci.com/article_144686.html  

 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dental+implant+prosthetics%2C+2nd+ed.+Elsevir%2C+2015%2C+&btnG=
https://www.elsevier.com/books/dental-implant-prosthetics/misch/978-0-323-07845-0
https://doi.org/10.4012/dmj.28.587
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grindability+of+alpha-case+formed+on+cast+titanium&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Grindability+of+alpha-case+formed+on+cast+titanium&btnG=
https://www.jstage.jst.go.jp/article/dmj/28/5/28_5_587/_article
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Misch%27s+contemporary+implant+dentistry+e-book+R+Resnik+-+2020+-+books.google.com&btnG=
https://www.elsevier.com/books/misch's-contemporary-implant-dentistry/978-0-323-39155-9
https://doi.org/10.1080/21870764.2019.1669861
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bioactive+coating+as+a+surface+modification+technique+for+biocompatible+metallic+implants%3A+a+review&btnG=
https://www.tandfonline.com/doi/full/10.1080/21870764.2019.1669861
https://doi.org/10.3390/coatings10111012
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Surface+Modified+Techniques+and+Emerging+Functional+Coating+of+Dental+Implants&btnG=
https://www.mdpi.com/2079-6412/10/11/1012
https://doi.org/10.1007/s10856-018-6145-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessment+of+the+degradation+rates+and+effectiveness+of+different+coated+Mg-Zn-Ca+alloy+scaffolds+for+in+vivo+repair+of+critical-size+bone+defects.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessment+of+the+degradation+rates+and+effectiveness+of+different+coated+Mg-Zn-Ca+alloy+scaffolds+for+in+vivo+repair+of+critical-size+bone+defects.+&btnG=
https://link.springer.com/article/10.1007%2Fs10856-018-6145-2
https://doi.org/10.1016/j.ceramint.2016.06.060
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Solid-phase+synthesis+of+wollastonite+in+natural+and+technogenic+siliceous+stock+mixtures+with+varying+levels+of+calcium+carbonate+component&btnG=
https://www.sciencedirect.com/science/article/pii/S0272884216308926?via%3Dihub
https://doi.org/10.13005/ojc/320418
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation+and+Characterization+of+Amorphous+Silica+and+Calcium+Oxide+from+Agricultural+Wastes&btnG=
http://www.orientjchem.org/vol32no4/preparation-and-characterization-of-amorphous-silica-and-calcium-oxide-from-agricultural-wastes/
https://doi.org/10.1063/1.4958748
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterisation+of+silica+derived+from+rice+husk+%28Muar%2C+Johor%2C+Malaysia%29+decomposition+at+different+temperatures&btnG=
https://aip.scitation.org/doi/abs/10.1063/1.4958748
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation+and+Characterization+of+Natural+Rice+Husk-Derived+Silica+and+Eggshell-Derived+Calcium+Carbonate+Composite+as+a+Coating+Material&btnG=
https://pjmhsonline.com/2021/jan/237.pdf
https://doi.org/10.1016/j.matlet.2019.01.040
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+feasibility+study+of+egg+shell-derived+porous+glass%E2%80%93ceramic+orbital+implants&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+feasibility+study+of+egg+shell-derived+porous+glass%E2%80%93ceramic+orbital+implants&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167577X19300722
https://doi.org/10.2351/1.5088856
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Testing+and+characterization+of+sintered+%CE%B2-tricalcium+phosphate+coat+upon+zirconia+dental+implant+using+Nd%3AYAG+laser&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Testing+and+characterization+of+sintered+%CE%B2-tricalcium+phosphate+coat+upon+zirconia+dental+implant+using+Nd%3AYAG+laser&btnG=
https://lia.scitation.org/doi/abs/10.2351/1.5088856
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+biocompatible+Composites+of+Poly+Ether+Ether+Ketone+%28PEEK%29+and+Silicon+Carbide+as+an+Implants+material&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+biocompatible+Composites+of+Poly+Ether+Ether+Ketone+%28PEEK%29+and+Silicon+Carbide+as+an+Implants+material&btnG=
https://codental.uobaghdad.edu.iq/wp-content/uploads/sites/14/2021/03/Evaluation-of-biocompatible-Composites-of-Poly-Ether-Ether-Ketone-PEEK-and-Silicon-Carbide-as-an-Implants-material.pdf
https://doi.org/10.5772/63326
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modern+Technologies+for+Creating+the+Thin-film+Systems+and+Coatings&btnG=
https://www.intechopen.com/books/5541
https://doi.org/10.1016/j.apsusc.2016.04.077
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mechanical+properties+and+fractal+analysis+of+the+surface+texture+of+sputtered+hydroxyapatite+coatings&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0169433216308273?via%3Dihub
https://doi.org/10.3390/sym13060976
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluating+Polishability+of+Zirconia+Impregnated+PMMA+Nanocomposite+for+Denture+Base+Application&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluating+Polishability+of+Zirconia+Impregnated+PMMA+Nanocomposite+for+Denture+Base+Application&btnG=
https://www.mdpi.com/2073-8994/13/6/976
https://dx.doi.org/10.3390/met1101
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Histomorphometric+Analysis+of+Osseointegrated+Grade+V+Titanium+Mini+Transitional+Implants+in+Edentulous+Mandible+by+Backscattered+Scanning+Electron+Microscopy+%28BS-SEM%29&btnG=
https://www.mdpi.com/2075-4701/11/1/2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effectiveness+and+potential+of+SEM-EDX+for+analysis+%26+differentiation+of+overlapped+black+pen+inks&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effectiveness+and+potential+of+SEM-EDX+for+analysis+%26+differentiation+of+overlapped+black+pen+inks&btnG=
https://www.annalsofrscb.ro/index.php/journal/article/view/6883
https://doi.org/10.1016/j.colsurfa.2021.126581
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Coating+the+magnesium+implants+with+reinforced+nanocomposite+nanoparticles+for+use+in+orthopedic+applications&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0927775721004507?via%3Dihub
https://doi.org/10.3390/nano11020445
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Simple+Cerium+Coating+Strategy+for+Titanium+Oxide+Nanotubes%E2%80%99+Bioactivity+Enhancement&btnG=
https://www.mdpi.com/2079-4991/11/2/445
https://doi.org/10.1016/j.tsf.2020.138487
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Secondary+ion+mass+spectrometry+and+atomic+force+microscopy+analysis+of+silver-doped+diamond-like+carbon+films+on+titanium+alloy+%28Ti6Al4V%29+for+possible+biomedical+application&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Secondary+ion+mass+spectrometry+and+atomic+force+microscopy+analysis+of+silver-doped+diamond-like+carbon+films+on+titanium+alloy+%28Ti6Al4V%29+for+possible+biomedical+application&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040609020306957?via%3Dihub
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterization+of+raw+egg+shell+powder+%28ESP%29+as+a+good+bio-filler&btnG=
https://journals.iugaza.edu.ps/index.php/JERT/article/view/1637
https://doi.org/10.1007/s10853-020-05725-w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Multifunctional+stratified+composite+coatings+by+electrophoretic+deposition+and+RF+co-sputtering+for+orthopaedic+implants&btnG=
https://link.springer.com/article/10.1007%2Fs10853-020-05725-w
https://doi.org/10.3390/ma14061464
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clindamycin-Based+3D-Printed+and+Electrospun+Coatings+for+Treatment+of+Implant-Related+Infections&btnG=
https://www.mdpi.com/1996-1944/14/6/1464
https://doi.org/10.1021/acsami.9b17312
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tailoring+Surface+Hydrophilicity+Property+for+Biomedical+316L+and+304+Stainless+Steels%3A+A+Special+Perspective+on+Studying+Osteoconductivity+and+Biocompatibility&btnG=
https://pubs.acs.org/doi/10.1021/acsami.9b17312
http://dx.doi.org/10.26655/JMCHEMSCI.2022.5.5
http://www.jmchemsci.com/article_144686.html

