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Abstract: 58Si0,-(38-x) CaO-(x+4) P,Os dried gels (x=0, 5, 10 and 15mol%) dried gel samples were synthesized at
drying temperature 130°C by conventional sol-gel method. For synthesis used precursors are Tetraethyl ortho-silicate
(TEOS), Tri ethyle phosphate (TEP), Calcium nitrate tetra hydrate for SiO,, CaO and P,Os compositions. Structural
properties were studied for synthesized dried gels using X-Ray diffraction (XRD), Fourier Transform Infrared (FTIR),
Raman spectroscopic analysis and Field Emission Scanning Electronic Microscopy (FESEM) with Energy dispersive
X-ray diffraction (EDX) analysis. XRD pattern indicated that all dried gel samples have amorphous nature. FTIR
spectroscopic analysis show that more P,Os content leads to increasing degree of polymerization. Raman spectroscopic
analysis indicates that increasing P,Os content decreases the intensity of orthophosphate structures i.e., increasing P,0s
decreases orthophosphate structural units. Using FESEM average pore sizes of synthesized dried gels are calculated as
143.51, 149.54, 173.25, 182.81 micrometers for corresponding P,Os mol% of 4, 9, 14 and 19 respectively. From all
these observations increasing P,Os decreases number of orthophosphate units and increases degree polymerization, it

leads to increasing pore size on dried gel surface.
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1. INTRODUCTION

Sol-gel derived calcium phosphosilicate glasses were
created historical wonder in biomedical field because of
their saving applications. These glasses can form bone and
regenerate tissues in physiological environment like
simulated body fluid (SBF) solution. The bio active nature
of theses glasses are mainly depends on both strength of
implanted materials like silica glass matrix, and hydroxy
carbonated apatite (HCA) layer formation in SBF solution

[1].

Depending on drying and stabilization temperature, sol-gel
derived glass shows variation in porosity. The porous
nature of these glasses leads to the formation of calcium
phosphate layer in SBF solution. Porosity observed after
drying at lower temperature in sol-gel derived glasses is
advantages compares with melts quenched glasses. This is
because the formation of HCA layer in SBF solution
mainly depends on movement of calcium and phosphate
ions through the silica matrix. Melt derived glass matrix
has higher density than that of porous sol-gel derived
glasses which results the movement of ions. The oxide
glasses like SiO,, Ge,O, B,03; and P,0Os5 can form three
dimensional random net-works by themselves [2].

Only silicate glass can use like a single component glass.
Increasing the composition of alkali or alkaline oxides
decreases the number of bridging oxygens and increases
the number of non-bridging oxygens by maintaining the
total charge neutrality in between alkali or alkaline cation
and oxygen anion. Q* structure has SiO,* tetrahedra with
four bridging oxygens, Q has the SiO, tetrahedra with
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three bridging oxygens and one non bridging oxygen, Q?
has the SiO,* tetrahedra with two bridging oxygens and
two non bridging oxygens while Q' has the SiO,*
tetrahedra with one bridging oxygen, three non bridging
oxygens and Q° has the SiO, tetrahedra with four non
bridging oxygens. While adding alkali or alkaline oxides
to SiO, the tetrahedra changes from Q* to Q* Q%0 Q° Q?
to Q*and Q" to Q°[3-6]. The internal network connectivity
between network formers and network modifiers changes
the densities of glasses. Lower densities and higher drying
temperatures increase pore densities [7].

Due to their properties of higher refractive index, thermal
shock resistance, optical transparency in both the UV and
visible regions and high chemical durability, silica glasses
can be used in the semiconductor industry as a crucible for
the formation of silicon, a mask blank for
photolithography. Main drawback of this material is
higher temperature required for preparation of glasses
(2000 °C) in melt quenching method. [1].

SiO,“ and PO, cannot form complete solution in the
glass, because of the difference in bond strength of SiO,™
and PO,*. Also SiO,* and PO, groups may be capable of
co-polymerization and for low P,0s, P** may substitute for
Si**. For higher amount of P,0s Si-O-P link can form in
the glass. The Si-O-P bond may lead to the bending
vibration of SiOg octahedral rather than silicon tetrahedra
[8, 9]. For the preparation of silicate glasses sol-gel
technique is the best technique since it enhances its
bioactivity through formation of pores [10, 11]. And also
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sol-gel process is low temperature process with low cost
[12]. During the last decade silica-based bioactive glasses
have supplied successful solutions to different bone
defects and soft tissue treatments [13,14]. The high
biocompatibility and the positive biological effects of
silicate glasses encourage their usage as bio ceramics [3, 8,
12, 15-21]. Ohtsuki et all (1992) observed that the
formation of apatite layer on P,Os contained CaO-SiO,
glasses is greater than P,O5 free CaO-SiO, glass [22, 23].
The FTIR spectroscopy and Raman spectroscopic studies
can give clear explanations of assigned bands in the glass
structure [24, 25]. Particularly concentration of the non
bridging oxygens in silica matrix can be easily estimated
by Raman spectroscopy [26-28].

In present study sol-gel derived 58Si0O,-(38-x) CaO-(x+4)
P,Os dried gels where x=0, 5, 10, 15 have been
synthesized. The effective role of P,Os on Structural and
surface morphological properties of prepared samples are
discussed.

2. MATERIALS AND METHODS

2.1. Synthesis

58Si0,-(38-x) CaO-(x+4) P,05[x=0, 5, 10 and 15 mol %]
dried gels were synthesized by conventional sol-gel
process and samples were named as CPS1, CPS2, CPS3
and CPS4 respectively as shown in Table 1. The
preparation of the present glasses were achieved from the
precursors such as tetraethylorthosilicate [Si(OC,Hs)4],
triethylphosphate (TEP) [(C,Hs0); PQO], calcium nitrate
tetra hydrate [Ca (NOs), 4H,0] 2N Nitric acid (HNO3) and
double distilled water. Water and HNO; were selected as
[(mol of H,0)/(mol of TEOS+ mol of TEP) =10] and
[(mol of HNO3)/(mol of TEOS+ mol of TEP) =0.05]
respectively.

In  order to synthesize the glass sample,
tetraethylorthosilicate (TEOS) was mixed with water and
nitric acid and stirred for one hour. At an interval of one
hour TEP and calcium nitrate were added subsequently
and stirred well. The prepared sols were poured into teflon
beakers, sealed with aluminum wrappers and kept inside
hot air oven at 60°C for three days of aging, subsequently
the aged gels were dried at 130 °C for 4 hours. The dried
gels were ground, made into powder.

2.2. Characterizations

The structural properties of calcium phosphosilicate dried
gels have been studied by X-ray diffraction technique,
using Powder X-ray Diffractometer (PXRD) (JOEL, JDX-
8P). The chemical characterization was performed by
FTIR method (SHIMADZU spectrometer). For IR
analysis, the first 1 mg of material scarped calcium
phosphosilicate gels were carefully mixed with 300 mg of
KBr (infrared grade) and palletized.

Then the prepared pellets were analyzed in the range
between 400 to 3000 cm ™ at a scan rate of 25 scan/min
with the resolution of 4 cm™. Room temperature Raman
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spectroscopy was performed using a LABRAM-HR800
Laser Raman Spectrometer with 514 nm laser radiation.
To avoid laser heating of the samples, the incident power
was kept at a low value of 1.99 mW. Field emission
scanning electron microscopy (FESEM, Carl Zeiss Ultra
55 model) of the centrifuged samples was used for the
morphological analysis of the prepared powder samples.
Sigma Scan Pro software was used to determine the
average pore size of powder samples of CPS dried gels.

3. RESULTS AND DISCUSSION

The XRD analysis results of CPS gel samples are shown
in Fig. 1(a) Those samples almost take amorphous sates
indicative of internal disorder and it is worth mentioning
that CPS gels don’t show any crystalline states [29]. As
shown in FTIR spectra [Fig.1(b)], for CPS dried gels
different intensity signal occurs at around 462-478 cm™
related to bending modes of Si-O-Si (Table 1).

The adsorption peaks at 941-972 cm™ are very strong,
assigned to the Si-O-Si asymmetric stretching vibrations.
Si-O-Si symmetric stretching modes are observed around
the wave number of 825 cm™. Si-O-NBO bands are
assigned at 915-933 cm™ wave number region. PO,*
stretching modes of vibrations are also observed at 1195-
1342 cm™ wave number regions. CPS1 gel has more
pronounced stretching modes of PO,? tetrahedra and SCP4
glass has the least. Increasing of P,Os content shifted the
PO,¥ stretching vibrations to higher wave number side. Si-
O-P (as s), CO;> (bend) modes are observed at the wave
number region 1033-1056 cm™, 1438-1442 cm™
respectively. Water molecules (H,0O), OH-groups are also
observed at the wave number regions of 1620-1697 cm™
2345-2360 cm™ respectively[30].Raman spectra show
[Fig.1(c)] PO, orthophosphate stretching modes (Q°(P))
as s) are assigned at the wave number regions 1050-1051
cm™. Q°(P) intensities have increased from CPS1 dried del
to CPS4 dried gel. It indicates that Q°(P)” intensities are
decreased with increasing P,Os content for CPS dried gels
[29].

Using FESEM images average pore sizes are calculated as
143.51, 149.54, 173.25, 182.81 micro meters for CPS1,
CPS2, CPS3, and CPS4 dried gels as shown in Fig.2. It
indicates that increasing P,Os content increases average
pore size of materials. EDX analysis indicates that
presented elements are in the gel structure are Si, Ca, P
and O [30]. Porosity influence effects not only internal
structure but also glass surface. Porosity represents the
accommodations of water molecules in glass matrix. At
drying and stabilization processes large amount of
shrinkage leads to fracture on glass surface. The excessive
shrinkage is caused by a capillary forces, induced by
liquid evaporation in micro pores which has given as
P=2ycose/D, Where P, v, o, D are capillary force,
liquid surface tension, liquid contact angle and micro pore
diameters respectively [2]. This reason causes the

increasing surface pore size from nano meter to
micrometer range.
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4. CONCLUSIONS

Si0,-P,05-Ca0 dried gel samples were synthesized at
drying temperature 130°C by conventional sol-gel method.
Structural properties were studied for synthesized dried
gels using X-Ray diffraction (XRD), Fourier Transform
Infrared (FTIR), Raman spectroscopic analysis and Field
Emission Scanning Electronic Microscopy (FESEM) with
Energy dispersive X-ray diffraction (EDX) analysis. XRD
pattern indicated that all dried gel samples have shown
amorphous nature. FTIR spectroscopic analysis show
increasing P,Os content increases prominence of PO,>
asymmetric stretching mode.
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Fig. 1(a) XRD pattern (b), (c) FTIR, Raman spectra of
CPS dried gels

Copyright to IARJSET

DOI 10.17148/IARJSET.2016.31234

Raman spectroscopic analysis indicates that increasing
P,Os content decreases the intensity of orthophosphate
structures i.e., increasing P,Os decreases orthophosphate
structural units. Because increasing P,Os content increases
3-dimensional network connectivity in polymerization
process. Increasing P,Os with decreasing CaO increases
local structural defects. These defects act as hosts for
water molecules. So, increasing P,Os content increases the
defect volumes. Increasing volume may causes for more
water molecule accommodations.

In drying process water molecules can evaporate through
the surface of dried gel with capillary forces, this leads to
formation of pores with different sizes on glass surface.
The pore size depends on size of evaporated water
molecules through gel surface. The evaporated water
molecule size may increase with increasing P,Os content
in CPS dried gels. It leads to increasing average pore size
on glass surface with increasing P,Os content in CPS dried
gels. Hence it can say that increasing P,Os content
increases surface pore size of synthesized calcium
phospho silicate dried gels.
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Fig. 2 FEEM/EX images of CPS dried gels with
corresponding pore size distribution
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Table 1 FTIR band assignments CPS gels Infrared

transition band in cm®

CPS1 | CPS2 | CPS3 | CPS4 | Assigned
(cm® | (em™® | (em™) | (cm™) | bands
478 478 478 462 Si-0-Si rocking
625- 569- 556- 565- PO, bending
685 650 659 680
825 825 825 825 Si-O-Si
symmetric
stretching (s s)
898 915 918 933 Si-O-NBO
asymmetric
stretching(as s)
941 964 972 964 Si-O-Si
asymmetric
stretching (as s)
1041 1049 1033 1056 Si-O-P
asymmetric
stretching (as s)
1195, | 1226, | 1234, | 1218, |PO,®
1342 1326 1350 1342 asymmetric
stretching (as s)
- 1438 1442 1442 CO;3” bending
1697 1620 1615 1635 OH group
2345 2345 2360 2360 H,O
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