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1. Introduction
The "bioactive ceramic glasses are

ABSTRACT

Bioactive glass ceramic with quaternary system of SiO,-Ca,0-Na,O-

P,0s composition" was prepared by "sol-gel method using" aquatic
"sodium metasilicate" (Na,SiO;5H,0) as a silica "source". "Monolith
was gotten after sintering temperature at 900°C, for 1 hour, as on the
resulting gel was aged at room temperature for 5 days, dried at 60°C for
72 hours to give the monolith phase. The monolith was further heat
treated as follows ; 200°C (40 hours) to evaporating water and ethanol
from the monolith , 600°C (5 hours) to preamble monolith to access the
begging formation of glass ceramic, 800°C (3 hours) to complete the
phase of glass ceramic and 900°C (1 hour)the sintering degree to obtain
the final phase of glass ceramic ( Na,Ca,Si30) .The X-ray diffraction
analysis presented the occurrence of the combeite (Na,Ca,Siz09) as a
crystalline phase". Fourier "Transformation" InfraRed (FTIR)
spectroscopy facilitated a confirmation of the hydroxyapatite (HA)
"foundation.

The topography of the surface and grain size measurement was obtained
using Atomic Force Microscope (AFM). In the present study, the "large
number of a benefits such as low dispensation temperature, the higher
cleanliness and similarity were obtained, therefore, the better controller
of a bioactivity process". Thus," the obtained monolith solid could be the
good candidate in tissue engineering scaffolds applications".

the groups of inorganic ceramics such as hydroxyapatite [7]."

biomaterials that are used in the field of orthopedics
and dentistry", since in the last decades ago. These
glasses modified a jobs and abilities of a biomaterials
from bioinert to the bioactive by motivating the
strong response after planting in a human body [1]."
The" materials "can be categorized a bioactive if the
above-mentioned biological response results in
formation of the strong chemical bonds between an
entrenched material and the soft or hard tissue" [2].
"Silica-based the glasses with their interesting
characteristics have been discovered for using such
substitute a second generation for both bone defects
and soft tissue action biomaterials due to as their
"biocompatibility" [3,4].

Just as "dissolution products from the bioactive glass
up regulate expression of genes that control
osteogenesis [5,6]. which explains their higher rate of
bone formation in comparison with the other

When the "glass contains more than 60% SiO,, a
bonding to the tissues is no longer observed [8].
Additional and on the other hand, it is expected that
bioactivity increases depending on increasing with
amount" of CaO "in the composition, because that the
chemical bond formation depend generally on the
dissolution calcium ion from the glass [9].

The melt method is the conventional method to
produce the bioactive glasses from blends of
compounds such as phosphates and carbonates at
high thermal treatment before the quenching to
synthesis glass". Presence Na,O or K,O suggest
reducing melting temperature [10]. Host tissue-
material interaction generally depending on solubility
materials in aqueous media [6,11-14].

Furthermore ,it is envisioned that inclusion of sodium
oxide (Na,O) will contribute in crystallizing of
certain sodium calcium silicate phases, such as Ca,
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Na,Si; Ogr [15].which ultimately will improve their
mechanical properties. This approach however ,often
leads to heterogeneous materials with incipient
crystallization and some degree of possible
contamination from chemicals used .Style though,
often mains to chemically varied compounds with
emerging crystallization and approximately degree"
of the likely pollution from "chemicals that using,
through the cooling or grinding procedures" [16].
Hench in the Florida University introduced the first
bioactive glass" in 1969.

Those days, the available implant materials (metals
and polymers) designed to be bioinert had a problem;
They initiated fiberboard encapsulation after
establishment, rather than creating a constant bond
with the tissues. Hench work began to overcome this
problem by obtaining the materials that could tie the
bone and live exacting environment of human body
[17].

Hench tried making the degradable of glass in
composite (Na,O-CaO-SiO,-P,0s) system with high
content of calcium [17]. A viable another is a sol gel
process with numerous advantages rather than the
dissolve and hardening path presentation higher
homogeneity and the purity, and an extensive range
of structures [18,19].

"Synthesis of sodium" containing the quaternary
system (Si0,-Ca0-Na,0-P,05) bioactive glasses are
healthy = documented  [16,20] founded on
alkoxysilanes, likewise tetramethyl" "orthosilicate
(TMOS) and tetraethyl orthosilicate (TEOS) as the
source. However, alkoxides are hazardous and
expensive [21-24] and are therefore not suitable for
large-scale production."

"In this work, our objective is to prepare sodium
containing quaternary  bioactive  glass-ceramic
material using aquatic sodium metasilicate as cheap
silica source".

2. Materials and Experimental Procedures
2.1." Materials"

"The chemicals used for synthesizing of bioactive
glass are: aquatic sodium  metasilicate",
"Na,Si035H,0 with composition (24.9) SiO,, (20.9)
Na,O and (54.2) wt.% H,O" (obtained locally), "nitric
acid (Fluke, Germany), phosphorus pentoxide (BDH
Laboratory, 98%) and calcium nitrate tetrahydrate
(LOBA, 98%)".

2.2. "Experimental Procedures"

"Bioactive glass having the composition (mol%);
50Si0,:25Na,0: 21Ca0:4P,0s was synthesized

through the sol-gel process from aquatic sodium
metasilicate, '"Na,SiO;5H,O according to the
following procedure". The Na,SiO35H,0 (7.5g) "was
stirred in a beaker in deionized water (22.5 ml)
followed by addition of ethanol (3.75 ml)" to "give a
clear solution.

In concentration(2M) of HNO; as drop wise was
added to the mixture, stirring process was "continued
further for 1 hour to allow complete hydrolysis. P,Os
(0.75 g) and Ca (NO3)2-4H,0 (6.15 g) were added in
sequence under constant" stirring.

Each reagent was allowed 45 minutes to react before
adding the next reagent, finally" the "mixture was
stirred for 1 hour after the last addition. The"
resulting "gel was aged at room temperature for 5
days, dried at 60°C for 72 hours to give the monolith
phase. The monolith "was further heat treated as
follows; 200°C (40 hours) to evaporating water and
ethanol from the monolith, 600°C (5 hours) to
preamble monolith to access the begging formation of
glass ceramic, 800°C (3 hours) to complete the phase
diagram and 900°C" (1 hour) the sintering degree to
obtain the final phase of glass ceramic (Na,Ca;Si;O).
2.3. Characterization: "The sintered specimen was
analyzed by X-ray diffraction (XRD, Mini
Diffractometer MD-10) using Cuka (1.54184A°%)
radiation source operated at 40 kV and 40 mA. The
diffraction patterns were obtained in the 20" range
from (20° - 60°). Surface topography of specimen
was assessed by Atomic Force Microscope AFM
(SPM -AA3000). "Fourier transform infrared (FTIR,
SHIMADSU model-8400S) spectroscopy employing
KBr. potassium bromide. pellets operating in the
reflectance mode with a 4 cm™ resolution was used to
monitor the types of bonds present in the glass"
network.

3. Resullt and discussion

3.1. "XRD Analysis": The "XRD pattern of the final
phase of glass ceramic (Na,Ca,Si30y) is "shown in
Fig.1.

Both angular location and intensity of the peaks"
have a good matching "to the standard PDF 96-900-
7718 which indicating to "formation of the crystalline
phase of Na,Ca,Siz;O0q. Similar phase has been
previously identified" [26,27]. The "extensive
densification and fine crystallinity of Na,Ca,Si;Oq
confers the good mechanical property" of scaffold
(burnished) so that the resulting monolith became
ready to bioactivity testing [28].
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Figure (1) XRD Analysis for bioactive glass sintered at 900°C.
3.2. FTIR Analysis" phosphates" [30]. Furthermore, "a new absorption

The FTIR spectroscopy analysis of bioactive sample
prepared by Sol-gel method is shown in Fig.2., the
peak at 748.38 "cm™ is as-signed to the symmetric Si-
O-Si stretching vibration in 44SiO,, typical of
crystalline silicates. The 478.35 cm™ peak is assigned
to Si-O-Si bending vibration which is attributed to
normal vibration modes of Si-O in" the 44Si0, group
"indicating the presence of unstructured silicate" [29].
The peak at 613.36cm™ "can be attributed to a
crystalline phase which corroborates the XRD result
thereby suggesting the presence of the crystalline
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band due to bending mode of 34PO4 group and
attributed to the formation of hydroxyapatite (HA) is
seen" at 555.50 cm’ "[31]". A "very broad OH
absorption band from (2500 — 3700) cm™ and a weak
water absorbed band around" 1639.49cm™" "appeared
in the spectrum. The bands at" 1438.90 and
1558.48cm™ "were considered for the absorption of
carbonate group" (v3). "The peak around 900 to 1300
cm’ were mainly attributed to the phosphate
absorptions [16,32]".
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Figure (2) FTIR Analysis for glass ceramic"
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3.3 "The AFM Analysis"

The AFM analysis was carried out using (SPM-
AA3000) with magnification of 106X, by angstrom
advance incorporation. The AFM image of glass
ceramic prepared was showed in figure (3a). the
granularity normal distribution report estimating the
average dimeter 64.94 nm. Meanwhile, the roughness

Avg. Diameter:64.94 nm
<=50% Diameter:60.00 nm

average 1.51 nm, and the root mean square 1.79 nm.
These results appear that the quaternary system in
glass ceramic leads to nucleation a crystal growth in
different places through the sample. So that
quaternary system was responsible for this statement
[33].

<=10% Diameter:530.00 nm
==00% Diameter:80.00 nm

Figure (3): AFM Analysis for bioactive glass sintered at 900°C.

4. Conclusion

A bioactive material with compositions of "SiO,-
Ca0-Na,0-P,05 based glass-ceramics was
synthesized through sol-gel process using aquatic
sodium metasilicate as a silica source". "The material
was sintered at" 900°C for 1 hour " the resulting in
References

1. Stoor, P.; Soderling, E. and Salonen, J.I. (1998).
Antibacterial effects of a bioactive glass paste on oral
microorganisms. Acta Odontol Scand, 56:161-165.

2. Hench, L.L.; Splinter, R.J. and Allen, W.C. (1971).
Bonding mechanisms at the interface of ceramic
prosthetic materials. Journal Biomedical Materials,
5:117-141.

3. Goller, G.; Demirkiran, H.; Oktar, F.N. and
Demirkesen, E. ( 2003). Process and Characterization
of Bioglass Reinforced Hy- droxyapatite Composites.
Ceramics International, 29( 6):721-724.

4. Hench, L.L. and Wilson, J. ( 1984). Surface-Active
Biomaterials, Science, 226 (4675): 630-636.

5. Xynos, 1.D.; Edgar, A.J.; Buttery, L. D.K.; Hench,
L.L. and Polak, JM. (2001). Gene-Expression
Profiling of Human Osteoblasts Following Treatment
with Ionic Products of Bioglass® 45S5 Dissolution.
Journal of Biomedical and Materials Research,
55(2): 151-157.

6. Hench, L.L.(2009).Genetic Design of Bioactive
Glass. Journal of European Ceramic Society, 29(7):
1257-1265.

7. Ghosh, S.K. et al. (2008). In Vivo Response of
Porous Hydroxyapatite and Beta - Tricalcium
Phosphate ~ Prepared by  Aqueous  Solution
Combustion Method and Comparison With Bioglass
Scaffolds. Journal of Biomedical and Materials
Research Part B: Applied Biomaterials, 86(1): 217-
227.

8.Li, R.M.; Clark, A.E.and Hench, L.L. (2001). An

formation of the sodium calcium silicate crystal
Na,Ca,Si30gr.  Therefore, low cost precursor of
aquatic sodium metasilicate was used for synthesis of
sodium containing quaternary bioactive glass-ceramic
materials" by sol-gel technique.

Investigation of Bioactive Glass Powders by Sol-Gel
Processing. Journal Applied Biomaterial,199 (2):231-
239.

9. Laudisio, G. and Brnda, F. (2001). Sol-gel
synthesis and crystallization of 3Ca0.2Si0, glassy
powders. Thermochimica Acta material, 370:119-
124.

10. Chen, Q.C.; Li, Y.; Jin, L.Y.; Quinn, J.M. and
Komesaroff, P.A. ( 2010). A New Sol-Gel Process for
Producing Na,O Containing Bioactive Glass
Ceramics. Acta Biomaterial, 6( 10):4143-4153.

11. Hench, L.L. (1998). Bioceramics. Journal of
American Ceramic Society, 81(7):1705-1728.

12. Jones, J.R.; Gentleman, E. and Polak, J. (2007).
Bioactive Glass Scaffolds for Bone Regeneration.
Elements, 3(6):393-399.

13. Sepulveda, P.; Jones, J.R. and Hench, L.L.
(2001). Characterization of Melt-Derived 45S5 and
Gel-Derived Bioactive Glass. Journal of Biomedical
Materials Research, 58(6): 734-740.

14. Arcos, D.; Greenspan, D.C. and Vallet-Regi, M.
(2003). A New Quantitative Method to Evaluate the
in Vitro Bioactivity of Melt-Derived Silicate Glasses.
Journal of Biomedical Materials  Research,
65A(3):344-351.

15. Peitl, O.; Zanotto, E.D.; Latorre, G.P. and Hench,
L.L. (1997). Bioactive Ceramics and Method of
Preparing  Ceramics.  Microporous  Materials,
56(1):132-140.

16. Siqueira, R.L.; Peitl, O. and Zanotto, E.D. (2011).

202



Proceeding of First International and the Third Scientific Conference , College of Science - University of Tikrit

17 - 18 Dec. 2018 / (P4)

Gel-Derived ~ Si02-Ca0O-Na20-P205  Bioactive
Powders Synthesis and in Vitro Bioactivity.
Materials Science and Engineering, 31(5): 983-991.
17. Hench, L.L. (2006). The story of Bioglass.
Journal of medical Material Science, 17(1): 967-978.
18.Sakka, S.(2005). Handbook of Sol-Gel Science
and Technology: Processing, Characterization and
Applications. Kluwer Academic Publishers, New
York.

19. Jones, J.R. (2009). New Trends in Bioactive
Scaffolds: The Importance of Nanostructure. Journal
of European Ceramic Society, 29( 7):1275-1281.

20. Saravanapavan, P.; Jones, J.R.; Pryce, R.S. and
Hench, L.L. (2003). Bioactivity of Gel-Glass
Powders in the CaO-SiO, System: A Comparison
with Ternary (CaO-P,05-Si0O,) and Quaternary
Glasses  (Si0,-CaO-P,05-Na,O).  Journal  of
Biomedical Materials Research Part A, 66(1): 110-
119.

21. Li, Z. et al.( 2005). Comparative Study of Sol-Gel
Hydrothermal and Sol- Gel Synthesis of Titania-
Silica Composite Nanoparticles. Journal Solid State
Chemistry, 178( 5):1395-1405.

22. Pabon, E.; Retuert, J.; Quijada, R. and Zarate, A.
(2004). TiO,-Si0, Mixed Oxides Prepared by a
Combined Sol-Gel and Polymer Inclusion Method.
Microporous Materials, 67(2,3):195-203.

23. Crisan, M. ef al. (2006). Manganese Doped Sol-
Gel Materials with Catalytic Properties. Journal of
Optoelectronics and Advanced Materials, 8(2):815-
819.

24. Kokubo, T. (1998). Apatite Formation on
Surfaces of Ceramics, Metals and Polymers in Body
Environment. Acta Material, 46(7):2519-2527.

25. Kokubo, T. and Takadama, H. (2006). How

Useful Is SBF in Predicting in Vivo Bone Bioactivity.
Biomaterials, 27(15):2907-2915.

26. Peitl, O.; Zanotto, E.D. and Hench, L.L. (2001).
Highly Bioactive P,05-Na,0-Ca0-SiO, Glass-
Ceramics. Journal of Non-Crystalline Solids, 292(1-
3):115- 126.

27. Clupper, D.C.; Mecholsky, J.J.; La Torre, G.P.
and Greenspan, D.C. (2002). Bioactivity of Tape Cast
and Sintered Glass- Ceramics in Simulated Body
Fluid. Biomaterials, 23(12): 2599-2606.

28. Chen, Q.Z.; Thompson, [.D. and Boccaccini, A.R.
(2006). 45S5 Bioglass - Derived Glass - Ceramic
Scaffolds for Tissue Engineering. Biomaterials,
27(1): 2414- 2425.

29. Peitl, O.; Zanotto, E.D. and Hench, L.L. (1996).
Effect of Crystallization on Apatite Layer Formation
of Bioactive Glass 45S5. Journal of Biomedical
Materials Research, 30(4) :509-514.

30. Zhong, J. and Greespan, D.C. (2000) .Processing
and Properties of Sol-Gel Bioactive Glasses. Journal

of Biomedical Materials Research: Applied:
Biomaterials, 53(6):694-701.
31. Lefebvre, L.J. et al(2007). Structural

Transformations of Bioactive Glass 45S5 with
Thermal Treatments. Acta Material, 55(10):3305-
3313.

32. Radin, S.R. and Ducheyne, P. (1992). Plasma
Spraying Induced Changes of Calcium Ceramic
Characteristics and Effect on in Vitro Stability.
Journal of Materials Science: Materials in Medicine,
3(1):33-42.

33. Neel, J. et al.(2009). Doping of a high calcium
oxide  metaphosphate  glass  with  titanium
dioxide. Journal of Non-Crystalline Solids, 355(16-
17): 991-1000.

da — Joad) Liyshy Lugsn Jladl) alajl clalpadd) jpans
Es gtes A P oaga Jals L Al e

Gladl ¢ Ll 35 ¢ Cpll =l Lilas L il Loled) 4ypprall’
Gldl ¢ Sty ¢ olats drsla ¢ paled] LS ¢ ¢ Ll pui”
Gl ¢ w56 S deala ddpeall polel] il LS ¢ o Ll aui”
oaild)
pssgall Gl aladiuly (Ja ~Jsm) Apla dgall Glladl) (53 (Si0,-Ca,0,N2,0,P,05) ealaill cliahuudl (S5a auand
3) anly delu saaly dygie 423 900 Bha Aaya (auk) Aphall Alelaal sy Elgisall o Jpeanll &5 a0 2l jacasS Gl
Cayya Wany (ol Ciiad G Aasl) Dbl salall) Cgisall e Janll delu 72 534 4 60 (e lelsi) Jalye JS5 ey Joadl 755
0585 Ay ) Elgigall Jsuay gyl clels 5 8add 2 600 Ay & ¢ salad) & JlVs oLl (ge Galiill dels 40 330 2 200 days
Jiss Gl o 900 s dam bl coalajl) clalpudl sl JLESY clelu 3 530 2 800 S Ay Dpe bad coalajll clualynd
GO ol Amedl Aed) ags ddaiiells (NapCapSisOp aladll chabpadl Sl jolll o Jpeanll bl 5 dap
(HA) ol = SHuledl IS ash 5 sheal) i 2D cBlisad Ciblas Sacluays oslll skl NayCapSisOo
¢iikals Gilasy dgha dallae o Jgand) cllal) Zuhall Sl e A3 56l jeae aladinl Covd 8] sl aaally mladd) 4l sl
O oS lele Jsmanll @5 ) Clgigall sale (8 1385 Ay pall Cililenll e 8yhasd] Juaii uall o3 (i ile s . gulle ulaiy e
gl da¥) dvia Gliulad b sl i

203



