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Abstract. The bioactive glass powders have been synthesis by sol-gel method at low
temperature. The silica used as the starting material in this study is silica purified from natural
sand with mass variations for amorphous silica and phase variations (Quartz, amorphous).
Analysis of the FTIR curves in samples BA1l, BA2, BA3 and BQ showed that a lot of group
bonds on Bioactive Glass had been formed for all samples. There are Si-O symmetric
stretching functional groups (823-825 c¢m™), 8i-O-Si symmetric stretching functional groups
(1047-1050 cm™), PO4 functional groups (579-606 cm™), as well as OH symmetry and
asymmetry functional groups (3414-3435 c¢cm™'). Meanwhile, the UV-Vis curve reveals the
absorption of ultraviolet wavelengths in the range of 230-300 nm for all samples. Although the
trend of sample density (BA1, BA2 and BA3) with the SiOz-amorphous starting material was
indicated to decrease with the increase in mass, respectively 0.555 gram/cm’, 0.553 gram/cm®
and 0.543 gram/cm?, the highest density was achieved by the BQ sample of 0.563 gram/cm’.
This density value is still higher than the density of bone tissue so that further synthesis is
needed by adding an amorphous Si0; starting material.

1. Introduction

There are four different groups of biomaterials as composites, ceramics, polymers and metals. Calcium
orthophosphates are widely used [1] since they exhibit non-toxicity and good biocompatibility.
However, in acidic environment they have poor mechanical properties and high corrosion rate [2,3], so
their use is further restricted as bone implants. Meanwhile, the polymeric biomaterials are widely used
for bone tissue applications since they are posses some advantages. Their surface properties and
shapes can be easily modified. But, because of some toxic additives such as plasticizers and anti-
oxidizers used in synthesis of polymers, their application is limited. Consequently, many studies have
been conducted to develop biomaterials by combining the benefit of each group for specific purpose.
For example, an Mg-based alloys [4], which is confirmed to have superior mechanical and corrosion
performance.

Biocompatible and biodegradable, being pure metals and Mg alloys have been suggested as
revolutionary biomaterials to be particularly attractive candidates [1,5]. Their densities are fairly close
to each other that remove elastic mismatches between implants and the bone [6,7]. Unfortunately, the
fast degradation rates of Mg-based is not match with the kinetics of bone healing, so the necessitates
development of implants under controlled degradation rates. A reasonable solution applies the
protection to delay the onset of corrosion appears by mixed another biocompatible and biodegradable
materials. Calcium orthophosphates are the excellent candidates because they well tolerated by living
organisms. This combination causes phenomenon of stress shielding which occurs when the implant
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carries higher load [8]. Meanwhile, biomaterial composites are also being widely studied as
replacement materials for damaged body parts. Biomaterial composites are able to form a layer of
hydroxyapatite on their surface, so they are not rejected by the body [9-12]. Hydroxyapatite is the
main mineral phase for bone tissue [13—15], so it is more interesting to study composite as an implant
material compared to metal biomaterials. Many research also designed different glass formulations
based on the oxide system [16-23] to select the composition. This paper aims to study an optical
characteristic on matrix of bioactive glass (BG) for implants base on natural sands as starting
materials.

2. Materials and Methods

The natural quartz and amorphous silica powders [24,25] extracted from silica sands were used as raw
materials for low-temperature bioactive glass matrix. Some commercial product Merck, i.e., Triethyl
phosphate (TEP, (C:Hs)3PO4), Calcium nitrate tetrahydrate (Ca(NOs):.4H:0) and Nitric Acid (HNOs)
were also used for produced this matrix by sol-gel method. First, the silica powder was stirred for 45
minutes on the Ethanol (C:HsOH) at room temperature. Two droplets of 1M nitric acid were added to
hydrolyze the precursor, keep stirring for 45 minutes as well. Then two precursors were added, namely
TEP and calcium nitrate tetrahydrate respectively for lhour of stirring time to obtain a uniform
mixture. To remove excess water and ethanol from the mixture, the stirring process is continued by
heating at a temperature of 110 °C until a newly gel solution is formed. Finally, the wet gel dried at
250 °C for 3 h. The resulting bioactive glass powders was pulverized in a mortar and sieved, which
were used for all characterizations. Functional groups were performed in Perkin Elmer Frontier FTIR
spectroscopy data in the range 4000—400 c¢cm—1 of wavenumber, with a KBr as transparent
background. Optical measurements were carried out in UV-Vis Shimadzu spectrophotometer spectra
to determine the transmittance and absorbance spectra in the range of 200-1100 nm wavelength. The
bulk densities of the samples were obtained according to the Archimedes principle.
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Figure 1. FTIR pattern of the samples (BAl, BA2, BA3 and BQ) at room temperature.
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Table 1. Position of the functional groups present in the sample.

Wavenumber (cm™)

Functional Structure BAl BAD BA3 BQ Reference
O-H symmetric stretching 3414.00 342945 3434.90 3435.40 [27]
O-H bending vibration 1638.02  1640.05 1638.03 1635.00 [26]
-CH; symmetric bending 1430.04  1425.10 1420.08 1425.09 [15]
Si-O-Si asymmetric stretching  1047.91 1049.52 1048.34 1047.53 [16]
Si-0-Si bending vibration 823.96 824.89 824.90 823.02 [28]
-PO,;* asymmetric bending 579.13 587.98 592.08 606.09 [19]

3. Results and Discussion

The FTIR spectra of all BG’s samples are shown in Figure 1. There aren’t differences in the peaks of
vibration for all samples, so it can be understand that the samples have the same chemical bonding
structures. FTIR spectra as shown in the fig.] revealed characteristic peaks attributed some absorption
bands of samples. The absorption band at E (~1630 cm™) and F (~3400 cm™') peaks were assigned to
vibration modes of H>O [27], which band was ascribed to the bending vibration and symmetric
stretching modes of O-H groups, respectively. The presence of O-H groups in all samples indicates
that the sample is hygroscopic nature so it tends to absorb H»O easily. Furthermore, the sharp peak at
D (band between 1400 and 1460 cm™') was observed due to the appearance of —CH3 groups [15],
which is associated with scissoring of —CH: by ethanol as a solvent. Meanwhile, the broad vibration
bands at around 1040 cm™! (C peak) and 870 cm™' (B peak) were ascribed asymmetric stretching and
bending vibration to the Si-O-Si, respectively. On the other hand, the phosphorus in the form of
orthophosphate (PO*), whose charge is balanced by modifier Ca>* was confirmed by the asymmetric
bending of PO,* at peak A 570 cm™'[18-20]. Most of bands appeared on the same position, it was
indicated that the glass has same as nucleation structure. Although the intensities of some bands
increased with the increase in the SiO. content, as shown in Figure 1, BAl, BA2 and BA3, the
intensity also rose for the other one phase, i.e., quartz as shown in Figure 1 BQ. The quantity of peak
group bond values in this study for all samples is shown in Table 1.

Table 2. Density and energy gab of the samples

Sample Si P/Si Density~ Eg
(mol) (%) (gram/cm”) (eV)
BAIl 0.62 14.60 0.555 3.94
BA2 1.23 7.32 0.553 3.99
BA3 2.43 3.66 0.543 3.91
BQ 0.62 14.60 0.563 3.99

Figure 2 shows the UV-VIS absorption spectra recorded at room temperature for samples in the
wavelength range 200-1100 nm. From this figure, it can be seen that all samples (BA1, BA2, BA3 and
BQ) reveal no absomption peaks in the visible region, but two absorption peaks were observed in the
ultraviolet region. The first peak was observed at about 240-246 nm for all samples, and at peak 275-
280 nm for the second one. A small shift to longer wavelength at the position of this absorption band
was observed with the increase in the SizO-amorphous mass content. A small shift also occurred in the
BQ sample which had a different phase but still had the same mass content as BA1 sample, this shift
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phenomenon was also observed by previous researchers [8]. The intensity of peak was detected to
decrease with rising of Si>O-amorphous mass content, as well as samples with different Si»O-quartz
phases. A significant decrease in the intensity of the quartz phase is suspected to be closely related to
the crystalline structure. This assumption is supported by the density measurement results. From Table
2, it is found that the BQ sample has the highest density (0.563 gram/cm’).

1.8+
1.6+
—BA1
1.4+ r BA2
———BA3
1.2- —BQ
@ W/
£ 1.0
©<
€
]
2 0.8+
<
0.6
0.4+
0.2+ "
—
0.0 - r v - - - - r 1
200 400 600 800 1000 1200

Wavelength (nm)

Figure 2. UV-VIS pattemn of the samples (BA1, BA2, BA3 and BQ) at room temperature.
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Figure 3. Tauc’s plot (chf)® versus E(eV).
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The absorbing molecules in Figure 2 show the effect of the mass amount of amorphous silica in the
bioactive glass BA1, BA2 and BA3, while the effect of the phase difference is denoted by BQ. In
order to obtain further insight of the investigated bioactive glass samples, UV-Vis energy spectra were
calculated. The band gap energy of the sample is determined by extrapolating the linear part of the
graph in Figure 3. Thus, the band gap energy is obtained from the straight-line intersection between
the curve (athf)’ to the photon energy (E) on the x-axis [29]. The values of energy band gap generated
from these samples were around between 3.91 to 3.99 eV for all samples, Table 2.

4. Conclusion

The low-temperature bioactive glasses powders briefly synthesized for biomedical products by used
natural silica sands. The similar FTIR spectral patterns of the various samples indicate that the
composition of the group bonds is identical for all glass bioactive matrices. Meanwhile, the UV-Vis
spectrum pattern with the same peaks shows that the energy is absorbed in the wavelength band. The
value of gab energy in the range between 3.91-3.99 eV obtained by extrapolating the absorbance curve
makes this matrix categorized as an insulating material.
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