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Abstract: Background: The world is in front of two emerging problems being scarceness
of virgin resources for bioactive materials and the gathering of waste production. Employ-
ment of the surplus waste in the mainstream production can resolve these problems. The cur-
rent study aimed to prepare and characterize a natural composite CaO-5iO2 based bioactive
material derived from naturally sustained raw materials. Then deposit this innovative novel
bioactive coating composite materials overlying Yttria-stabilized tetragonal zirconia sub-
strate. Materials and method; Hen eggshell-derived calcium carbonate and rice husk-derived
silica were extracted from natural resources to prepare the composite coating material. The
manufactured powder was characterized via Fourier-transform infrared spectroscopy (FTIR),
field emission scanning electron microscope (FESEM), X-ray fluorescence (XRF), X-ray dif-
fraction (XRD) and particle size analyzer. The bioactive composite was deposited through
radiofrequency (Rf) reactive magnetron sputtering overlying disc-shaped samples with a di-
mension of 10 mm diameter were prepared from partially sintered Yttria-stabilized tetragonal
zirconia polycrystal (Y-TZP). Results: The particle size of the rice husk-derived ranged be-
tween (480.4 — 606.1) nm with a mean particle diameter of 541 nm. The eggshell derived cal-
cium carbonate powder presented a particle size between (266.4-336) nm and a mean particle
diameter of 299.9 nm. The XRD data revealed the crystalline nature and phase composition of
the natural prepared calcium carbonate powder and demonstrate the monocrystalline nature
of natural SiO2. FTIR spectrometer showed the emergence of novel spectra separated from
the two innovative components. XRF analysis revealed that 99.4% of the rice husk is 5i02
while eggshell-derived powder is mainly composed of calcium oxide. Fe-SEM images of the
coated zirconia exhibited average thickness of the natural CaCO3/SiO2 coat layer may reach
t012.84 p. Conclusion: The prepared composite derived from natural resource waste is suita-
ble to be utilized as a coating material for ceramic dental implants with promising biological
and mechanical properties.
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Dental implants have been extensively utilized as a supporter for prosthodontic restorations; remov-

able and fixed as well as the maxillofacial restorations, with a high degree of success ®. Different types of
material were used as an implant; the most common is titanium and its alloy, later zirconia acquired robust
interest due to many desirable properties @. The aforementioned materials; titanium and zirconia re-
garded as a bioinert biomaterials which necessitate the use of bioactive biomaterial as a coating overlying
the bioinert substrate; titanium and zirconia ©. The selection of the bioactive coat depends on physico-
chemical characteristics in addition to the availability and affordability of the material ®. In recent years,
natural biocomposites received widespread attention as an active coating covering metallic implants; due
to its bioactivity, availability and affordability ». Micro-nano organizational modification of the surface
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of the implant may improve bone conductivity and hydrophilicity in addition to decreasing the conducted
stress ©.

Calcium oxide/ Silicon dioxide built bioceramics have been considered as a probable alternative for
artificial bone owing to their excellent biocompatibility and Osseoinductivity ©.

Among these biomaterials, autogenous bone is often Employment of by-products or leftover of agri-
cultural operations received a wide consideration in the emerging technologies, scientific pursues and
biological scopes in recent years .

Rice husk is an agricultural residue material plentifully available in Iraq and all rice-producing coun-
tries. Rice husk ash is rich in silica and can be used as a source for the manufacturing of silica powder ®.
Various authors proved that the rice husk ash was an exceptional resource for amorphous silica © 10.

Chicken eggshell agricultural junks represent the environmental pollution problem. The chemical
composition of eggshells is composed mainly of calcium carbonate CaCOs (10

Eggshell is regarded as massive pollution for the environment, at the same time rich source for CaCO:s
and CaO, making the opportunity to utilize eggshell as an alternative sustainable source for bioactive
osseoconductive material (.

The current study aims to prepare and characterize of a novel naturally prepared calcium carbonate
(CaCOs)/ silica SiO2 composite based bioactive implant-coating material.

Materials and Methods
Preparation of biological silica

Subsequent to the milling process, the rice husk was sieved by using stainless steel mesh No. 230
and thoroughly washed with deionized water with the aid of mechanical stirring for 1 h then dehydrated
by dry heat oven at 70°C. The rice husk was treated with a leaching agent (1 M hydrochloric acid) for 2 h
at 90°C to minimize metallic contamination and rinsed with distilled water until reach neutral pH. The
achieved mixture was then positioned in a furnace (VITA ZYRCOMAT 6000 MS, Germany) at 700°C for 2
h in order to accomplish the calcination process. Calcinated rice husk ash around 1000 mg was added into
20 mL of 1.5 M sodium hydroxide in a glass beaker for 1 h at 90°C to produce sodium silicate solution (2.
Sodium silicate was then dissolved in pure ethanol 250 M], then diluted with 1 L of distilled water for 10
min. The resultant solution was softly titrated with 3 M orthophosphoric acid until the formation of yel-
lowish gel at neutral pH. This gel was washed with warm distilled water in order to remove any remnants
of sodium silicate or sodium phosphate followed by centrifugation at speed of 4000 r/min for 15 min. The
manufactured gel was then dehydrated at 90 °C for 2 h and calcinated in a furnace (VITA ZYRCOMAT
6000 MS, Germany) at 550 °C for 30 min to produce silica powder (3.

Preparation of eggshell-derived CaCOs powder

Fresh chicken eggshells with accompanied internal membranes were firstly crushed in a mortar and
pestle to a suitable particle size powder. Powder of eggshell with quantity around 100 grams was filtered
by sieve No. 35. A ball milling machine was used for milling of the filtered powder with water producing
slurry mixture, which was desiccated for 24 h at 105°C to attain fine powder. The dried powder was fil-
tered using No. 230 sieve. Quantity powder of 10 grams was soaked in 50% bleaching agent (sodium
hypochlorite) for 10 minutes. Followed by rinsing the powder with deionized water for 5 times in order
to eliminate any bleach deposits. The powder was placed in a hot oven at 105°C for 24 h for drying. The
dried powder was more ground by the means of an electrical grinding machine and filtered with No. 230
ASTM sieve to achieve CaCOs (14,
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Characterization of prepared powders

The prepared powders; Rice husk-derived Silica and Eggshell-derived Calcium Carbonate were
characterized with Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), X-ray fluo-
rescence (XRF) and particle size analyzer. After the characterization of the silica and calcium carbonate,
the two powders were mixed with a mechanical stirrer at an ambient temperature according to the in-
tended ratios (90% CaCOs with 10% SiO2). The resultant mixture was investigated by powder particle size
analyzer X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR) and X-ray fluorescence

(XRF) in order to determine the composition and concentration of elements
Preparation of the specimens

Disc-shaped samples with a dimension of 10 mm. diameter and 2 mm. thickness were prepared from
partially sintered Yttria-stabilized tetragonal zirconia polycrystal (Y-TZP) Vita YZHT substrate by the
means of Exocad dental computer aid design/computer aid manufacture (CAD/CAM), Imes Icore
CORITEC 250i 2. The specimens were sintered with Vita ZYRCOMAT 6000 MS sintering furnace, 30
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 £50
FE-SEM; Netherland), and x-ray fluorescence (XRF) (PAN analytical laboratories, Tehran, Iran).

Coating procedure

Weight of 20g of mixture calcium carbonate/silica (90/10 % W) powder was pressed in cylindrical
stainless-steel mold using applied force around 30 Kg. with (dimension of 51lmm diameter and 7mm
height. Pressing is mechanical process used to reduce the porosity and vacancies between the particles

and to produce a disc at 5cm diameter and

a 4mm thickness, then the discs were sintered at 900 °C in order to reach sufficient toughness to resist

fracture during sputtering (7).

The bioactive composite was deposited through radiofrequency (Rf) reactive magnetron sputtering
utilizing S5i02/CaCOs as a sputtering target which have a (50 mm) diameter and (4 mm) thickness. The
composition of reactive gas is composed of argon as sputtering gas. The base pressure in the vacuum
chamber is 1x10-5 Torr and the working pressure has been 6x103. The distance between the target and
substrate was 10 cm and the time of deposition was 20 h at 150°C temperature and at frequency equal to
13.56 MHz 09),

Physical tests and structural characterization

Field emission scanning electron microscope (FE-SEM) is an important microstructural analysis
technique used for observing the characteristics of the compounds @. In the present work, FE-SEM (In-
spect £50 FE-SEM; Netherland) with an accelerating voltage of 10-20 Kv was used to reveal the micro-
structure of the experimental biological coat include naturally prepared rice husk-derived silica and egg-
shell-derived calcium carbonate composite. FE-SEM was used to diagnose the phases, distribution of par-
ticles as well as to characterize the morphology of the prepared specimens @. X-ray fluorescence (XRF)

data was analyzed to characterize the elemental composition of the coated zirconia substrate > 23. The
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XRF analysis of the coating composition was accomplished at Arya electron optic LTD for advanced sci-
entific and industrial equipment, North Shiraz Ave, Tehran, Iran. X-ray diffraction (Lab X, XRD 6000,
SHIMADZU, Japan) had been used to inspect the coated specimens to examine the crystallographic ori-

entation of the coating layer.
Results

The particles size of the manufactured powders was examined by means of laser particle size ana-
lyzer. The particle size of the rice husk-derived silica shown in Fig. 1(A) ranged between (480.4 — 606.1)
nm with mean particle diameter of 541 nm as. The eggshell derived calcium carbonate powder presented

a particle size between (266.4 - 336) nm and a mean particle diameter of 299.9 nm (Fig. 1(B)).
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Figure 1: Size distribution of (A) Rh-sil ica; (B) Eggshell-Ca cium Carbonate

The X-ray diffraction pattern of the calcium carbonate reveals sharp and well-defined peaks at 26
values of 23.2°, 24.9%, 36.1°, 39.6°, 43.2°, 47.6° and 48.6°. However, peaks are also perceived at 26 values of
31.6° 57.8°% 61.5% 65.4° and 73.3% The XRD pattern in Fig.2 demonstrates the monocrystalline nature of
natural SiOz2 which contests with reference No. (01-076-0941). An amorphous peak was recorded at 23°

which is in agreement with a study conducted by Martinez et al. in 2006 9.

Figure 2: XRD of the three powders
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Fig. 2 Revealed the diffractograms of the three powders; silica, calcium carbonate and composite
(mixed extracted powders). The diffractogram of the composite material exhibits compromised spectra
between the silica and calcium carbonate powders. Fig. 3(A) illustrate FTIR spectra of the rice husk-
derived silica. The band about ~ 806 cm™ corresponds to Si-O bending vibration @%. While Fig. 3(B) shows
the FTIR spectra of the eggshell-derived calcium carbonate particles. The samples display an extensive
absorption peak of COsions at ~1795 cm™, ~1458 cm™ ~1084 cm™, ~854 cm™, and~713 cm™ which have been
itemized to be the common demonstrative features and the crucial styles of vibration of the carbonate ions

present in calcium carbonate 2527

The composite powder spectrometer was established the emergence of novel spectra separated from

the two innovative components (CaCOs and SiO2) as presented in Fig. 3(C).
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Figure 3: FTIR analysis of the B
(A) Rice husk-derived silica;

(B) Eggshell-derived calcium carbonate; and

(C) The composite CaCO3/SiO2
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Table 1 exhibits the chemical composition of the rice husk-derived powder by means of XRF analysis.
Results revealed that 99.4% of the prepared powder is SiO2 in addition to small amounts of calcium oxide
and ferricions ). The XRF data of eggshell-derived powder revealed that the main composition is calcium
oxide. The composite powder XRD proved that it consists of 90.2% calcium carbonate derived from CaCO3
with 9.7% of silica.

Table 1. Elemental analysis of the Rh-derived, eggshell- derived and composite powders

Elements concentration (wt.%)

Prepared powder SiO: CaO MgO P205 S K Fe aN
Rh-derived 99.4 0.59 - - T - T -

Eggshell- derived - 98.2 1.33 0.45 T T T T
Composite 9.7 88.2 1.0 T* T - - T

The finding of XRF analysis of coated specimen was demonstrated in Table 2. The results indicated a
great quantity of CaO which referred to the presence of CaCO3, which is the main component of the
composite coat (22). The cross-section fe-SEM images of the coated zirconia exhibited average thickness of

the natural CaCO3/SiO2 coat layer may reach t012.84 p as shown in Fig. 4(C).
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Table 2: XRF Elemental analysis of coated zirconia substrate:

Element wt % Element Ppm
SiO: 4.255 S 1276
Al203 0.198 Cl 509
Fe203 N Ba 32
CaO 455 Co
Na:0 0.121 Cr
K20 N Cu 17
MgO 0.213 Mo N
MnO 0.013 Nb 115
TiO2 0.018 Ni 14
P20s >40% Pb 107
LOI 3.18 Rb 46
SOs 3.0972 Sr 116
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Figure 4: FeSEM images of surface topography Figure 5: X-ray diffraction
of A) Uncoated zirconia; B) Natural spectra of coated zirconia
CaCQ03/Si02. And C) FESEM cross-section
images of natural CaCO3/SiO2 coat layer

Discussion

The XRD data revealed the crystalline nature and phase composition of the natural prepared calcium
carbonate powder. The sharp peaks of the diffractogram indicating high crystallinity of the prepared
powder ® . The XRD analysis of the coated zirconia substrate illustrated in Fig. 5. The data acquired from
the XRD pattern is identical with the diffractogram of the natural rice husk-derived silica/eggshell-derived
CaCOs composite powder. FTIR spectra exhibited that the band neighboring 1089 cm indicates Si-O-5i
lopsided stretching vibration when the connecting oxygen atom transfers corresponding to the Si-Si lines
directed contrary to their Si adjacent lines ?”). While FTIR spectra of eggshell powder demonstrate features
and the crucial styles of vibration of the carbonate ions present in calcium carbonate ?527). The composite
powder spectrometer was established the emergence of novel spectra separated from the two innovative
components. XRF data explore the excessive amount of calcium oxide indicating the high percentage of

calcium carbonate, which is the main constituent of the eggshell ®). The increased thickness of natural

41



J. Bagh. Coll. Dent. Vol. 34, No. 1. 2022 Kareem and Naji

composite may be attributed to the high cohesion bonding between its particles (9. The coating surface

microstructure of natural CaCOs/SiOz on zirconia substrate appear porous as illustrated in the feSEM

images in Fig. 4 A&B. These porosities may have a vital role for enhancing bone regeneration as well as

increasing the surface area of the implant surface leading to decreasing the generated stress inside the

contiguous bone ©).

Conclusion

Recently, byproduct and waste management for the development of new products has gained

immense interest. Within the limitations of the current study, a biological CaCOs/SiO: composite was
prepared from avian eggshell and rice husk via simple methods to be used as a coating material to the

zirconia substrate. Therefore, it can be utilized effectively as a coating material for zirconia implants with

predictable promising biological and mechanical properties.

Conflict of interest: None.

References

1. Micsh C. Dental implant prosthetics, Elsevier; 2nd edit. 2015; Ch. 1, p 3-12.

2. Koike M, Jacobson D, Chan KS, Okabe T. Grindability alpha-case formed on cast titanium. Dent Mater ] 2009; 28(5):587-594.

3. Resnik R. R. Misch’s Contemporary implant dentistry. Elsevier. Fourth edition. 2021

4. Priyadarshini B.,, Rama M, Chetan & U. Vijayalakshmi Bioactive coating as a surface modification technique for biocompatible
metallic implants: a review, J. Asia. Ceram., 2019; 7:4, 397-406,

5. DongH.,, Liu H., ZhouN.,, Li Q. and Yang G . Surface Modified Techniques and Emerging Functional Coating of Dental Implants.
MDPI Coatings. 2020

6. Liu N, Zhang N, Zhao D and Yunfeng W. Assessment of the degradation rates and effectiveness of different coated Mg-Zn-Ca
alloy scaffolds for in vivo repair of critical-size bone defects. ] Materials Science: Materials in Medicine. 2018; 29:138.

7. Vakalova TV, Pogrebenkov VM, Karionova NP. Solid-phase synthesis of wollastonite in natural and technogenic siliceous stock
mixtures with varying levels of calcium carbonate component. J. Ceramics Int. 2016; 42:16453-16462.

8. Sompech S., Dasri T. and Thaomola S. Preparation and Characterization of Amorphous Silica and Calcium Oxide from Agricul-
tural Wastes. J. Orient. Of Chem.2016; 32 (4):P. 1923-1928.

9. Azmi M. A,, Ismail N. A., Rizamarhaiza M., Hasif M. W., and Taib H. “Characterisation of silica derived from rice husk (Muar,
Johor, Malaysia) decomposition at different temperatures”. J. AIP. 2016; 1765(1):243-252.

10. Kareem RA. and Naji Gh. A. “Preparation and characterization of natural rice husk-derived silica and eggshell-derived calcium
carbonate composite as a coating material” PJMHS.2021; 15(1): 237-240.

11. Ayawanna J, Kingnoi N. Laorodphan N, A “feasibility study of egg shell derived porous glass-ceramic orbital implants”, Materials
Letters 2019.

12. Song S.,. Chob H.B, Kim H.T, Surfactant-free synthesis of high surface area silica nanoparticles derived from rice husks by em-
ploying the Taguchi approach.” J. Ind. Eng. Chem. 2018; 61: 281-287.

13. Hossain S. K., Mathur L., Roy P.K., Rice husk/rice husk ash as an alternative source of silica in ceramics: A review, J. Asia. Ceram.
2018; 6: 299-313

14. Cree D., Rutter A., Sustainable Bio-Inspired Limestone Eggshell Powder for Potential Industrialized Applications, J. ACS Sustain-
able Chem. & Eng. Am. Chem. Soc. 2015;3: 941-949.

15. Safi I.N, Hussein B.M.A., Al-Shammari A .M. Testing and characterization of sintered {3-tricalcium phosphate coat upon zirconia
dental implant using Nd:YAG laser. ]. Laser Appl.2019; 31(3): pp. 1-13.

16. Jassim M.M. Evaluation of biocompatible Composites of Poly Ether Ether Ketone (PEEK) and Silicon Carbide as an Implants

material. PhD. Thesis. Baghdad University. College of Dentistry. 2019

42



J. Bagh. Coll. Dent. Vol. 34, No. 1. 2022 Kareem and Naji

17. Surmenev R, Vladescu A, Surmeneva M, Braic M, IvanovaA and Braic M Modern Technologies for Creating the Thin-film Systems
and Coatings. 1st ed. IntechOpen 2017; Ch. 12: pp 242.

18. Bramowicz M, Braic L, Azem F, Kulesza S, Birlik I and Vladescu A Mechanical properties and fractal analysis of the surface texture
of sputtered hydroxyapatite coatings. ] App. Sur. Sci. 2016; 379 (30): 338-346.

19. Zaidan S,, Silicas N., Haider J., Jahantigh J. Evaluating Polishability of Zirconia Impregnated PMMA Nanocomposite for Denture
Base Application. ] MDPI.2021; 13(976): pp 1-14.

20. Beltran V., Weber B., Lillo R., and Manzanares M. C. Histomorphometric Analysis of Osseointegrated Grade V Titanium Mini
Transitional Implants in Edentulous Mandible by Backscattered Scanning Electron Microscopy (BS-SEM). ]. MDPI. Metals 2021;
11(1) pp: 40-47.

21. Gupta RR, Puraba M, Gupta S. Effectiveness and potential of SEM-EDX for analysis &amp; differentiation of overlapped black
pen inks. Annals of the Romanian Society for Cell Biology, 2021; 25(6), 7332-7338.

22. Qin W., Kolooshani, A., Kolahdooz, A., Saber-Samandari, S., Khazaei, S., Khandan, A, ... & Toghraie, D. “Coating the magnesium
implants with reinforced nanocomposite nanoparticles for use in orthopedic applications. Colloids Surf. A Physicochem. Eng
2021; 621, 126581.

23. De Santis, S., Sotgiu, G., Porcelli, F., Marsotto, M., Iucci, G., & Orsini, M. “A simple cerium coating strategy for titanium oxide
nano-tubes’ bioactivity enhancement.” Nanomaterials, 2021; 11(2), 445.

24. de Oliveira, A., Placias, F. G., da Silva Sobrinho, A. S., Leite, D. M. G., Miyakawa, W., Neto, J. J., ... & Massi, M. “Secondary ion
mass spectrometry and atomic force microscopy analysis of silver-doped diamond-like carbon films on titanium alloy (Ti6Al4V)
for possible biomedical application.” Thin Solid Films, 2021; 719, 138487.

25. Kamba A. S., Ismail M., Ibrahim T.A., Zakaria Z., Synthesis and Characterization of Calcium Carbonate Aragonite

26. Nanocrystals from Cockle Shell Powder (Anadara granosa), J. Nanometer. 2013; 1-9.

27. Martinez J.R., Palomares S, Ortega-Zarzosa G., Ruiz F., Chumakov Y., Rietveld refinement of amorphous SiO2 prepared via sol-
gel method. Mater. Lett. 2006; 60: 3526

28. Raju C. L., Narasimhulu K.V., Gopal N.O,, Rao J. L, Reddy C.V_,Electron paramagnetic resonance, optical and infrared spectral
studies on the marine mussel Arca burnesi shells, J. Molecular Str., 2002;608: 201-211,

29. Janaina F. I., Sanchez C. D., Camacho F. A. L, Diehl A. L., Campos T. L. Ad., Carlos M., Mendes A., Caldas S. V.., Characterization
of Silica Produced from Rice Husk Ash: Comparison of Purification and Processing Methods. Mater. Res., 2017;20: 512-518.

30. . Bashir A.S.M, Manusamy Y., Characterization of Raw Egg Shell Powder (ESP) as A Good Bio-filler., ]. Eng. Research. and Tech.,
2015;2: 56-60.

31. Nawaz Q.; Fastner S.; Rehman M. A. U,; Ferraris S.; Perero S.; Di Confiengo G. & Boccaccini R. A. Multifunctional stratified com-
posite coatings by electrophoretic deposition and RF co-sputtering for orthopaedic implants.” J. Mater. Sci., 2021; 56: 7920-7935.

32. Maver T.; Mastnak T.; Miheli¢ M.; Maver U.; Finsgar M. Clindamycin-Based 3D-Printed and Electrospun Coatings for Treatment
of Implant-Related Infections. Mater.. 2021; 14, 54-64.

33. Peng C.; Izawa T.; Zhu L.; Kuroda K.; Okido M. Tailoring Surface Hydrophilicity Property for Biomedical 316L and 304 Stainless
Steels: A Special Perspective on Studying Osteoconductivity and Biocompatibility. ACS Appl. Mater. Interfaces, 2019; 11: 45489—
45497.

Auiad) Qb)jﬂ;Muﬁ#\)ﬂ@%\eMN‘QUﬁJIS‘g’jj\Jﬂ@%!%ﬁ\&db@ﬁﬂ\k&&! daaal 1yl giad)
AU Baall ae Gl a8l qilay s giald)

. alideall

G e Qe dal) ) Y1 ld Badal) A ) o) 5 A el ) gl 251 I3 ) ) 3 sl il iy Jhai 15V, 331 (5B (isalle (KA LGS
Lgie il Ay graa s S S il yhae Gl sl Jiah DA) Jie AL <l e a8 A LBl jial vie i ol B il gall Calell Aalia juall lal ) 538 o513
a3 Aglenl 5 jine 40U Bale Jeal Laghe ald jumaty gl e () 588 5 QLN ) 558 (1 o sansdlSI U 5 )1S 5 WSohuadl (e DAY CaagS A jall o3a () ideall 3k s 2l 56
ol Aand 55 38 30 o L 550 ey 5 oL Lraliiud %y e 55U lm sl o jal 5 33L) iand des o (s Loty e 31l Japmall plall s goliil e 30 J s alnl
O8I lie 5 e and o o) A e 5 Atandl ReB1 58 35 SSIVT ol eyl and 3 ) AL i gl ¥ A 50 038 DA 5 il
Opaliindl 8 saisall o JS I3 ana Gl 25 SIS ola 10 kil (8 IS Ane S 115 ) sS30al) il saill (ga pand

Bac 5 it L g€ 31 5ake e sioadll Sal] il LoSY Lt BN (S ) i) (e Tealiiosdl 3 gl 030 (o) sclaliy)

43



