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Abstract. In this paper, we systematically report the synthesis of nano silica powder from natural
silica sand by a continuous process. Extraction of sodium silicate from silica sand was through
a hydrothermal process, then sodium silicate was ready to be used as a precursor in the form of
silicate slurry by coprecipitation process. The silicate slurry of S102.XH,0O was then dried in a
furnace at 150 °C for 4 hours until obtaining a pure white SiO2 powder. At a calcination
temperature of 900 °C, the sample was then tested by XRD to analyze the transformation of the
crystal phase of SO nanoparticles. Identification of functional group absorption was undertaken
by FTIR test, and the particle grain microstructure was analyzed by SEM. At calcination
temperature of 900 °C, the SiO: silica nanoparticles experienced a change of phase from
amorphous to crystal or amorphous-cristobalite phase; a shift in stiffness for positions of
functional groupfbsorption of Si-O stretching or LO functional groups, Si-O stretching or TO,
8i-0-8i bending and 8i-O-8i rocking and OH-functional groups occurred, the growth of particle
orains happened with a spherical and oval trend, with a larger size. 8i02 nanoparticles were
successfully synthesized by a continuous method and 900 °C calcination temperature had a
significant effect on structural phase changes, the formation of siloxane functional groups,
silanol, and grain growth on Si0; nanoparticles.

Keywords: Silica. nanoparticle, natural sand, calcination, amorphous, cristobalite.

Coment from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
oy of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL,

Published under licence by IOP Publishing Ltd 1




The 2017 International Conference on Mathematics, Science, and Education IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1093 (2018) 012025  doi:10.1088/1742-6596/1093/1/012025

1. Introduction

Quartz sand in nature contains many oxide elements such as SiOs, Fe;0s, Al,Os, TiO,, CaO, MgO and
K,0 [1-3]. Silica has crvstalline polymorphs namely quartz, cristobalite and tridymite, stishovite, and
coesite [4-6] structures. Amorphous silica can be synthesized from natural materials (minerals). such as
quartz sand [ 1], siliceous sands [3]. and Douiret sands [7]. The synthesis method which can be used is
by a dry method or known as an alkali-fusion process, reacting with an alkaline compound in the furnace;
KOH with temperature of 350 °C [8]., NaOH with temperature of 500 °C [1], and Na;CO; with
temperature of 1100 °C [7]. It can also be done by wet or hydrothermal or chemical processes [9] such
as the sol-gel process [10], coprecipitation, etc. [11].

Silica i1s widely used in various applications such as a mixture of concrete [12,13], tire industry,
rubber nanocomposite [14], wall-paint emulsion [15], improved lotions and cosmetics, increased
ingredient cosmetic efficacy [16], packaging and anti-bacterial [17,18]. Modification of hydrophobic
and hydrophilic properties of nano silica also provides many applications 1n technology, such as
superhydrophobic textiles and ultra-violet yarns [19,20], and super-hydrophobic semi-transparent thin
films [21.,22]. Nano silica can also be applied as a base material for Ion-Lithium batteries: electrode
[23], electrolyte [24.25] and the separator and the like [26].

In nature, the stable silica structure 1s a quartz phase, so that in macro and micro sizes the silica
particles have a crystal structure phase while the nanometer-size silica particles are generally amorphous
structured [11]. In various processes of extraction and synthesis of nano silica from the natural (organic
or morganic) material, an amorphous structure 1s obtamed [11,27.28]. Recently, nano-silica synthesized
from quartz sand using the coprecipitation method obtained nano silica that encapsulated Si02-
cristobalite and tridymite [11], the amorphous-crystal phase. Nano silica that was processed from
organic rice husk through the process of combustion at 900 °C, could also attain tridymite and
cristobalite nano silica powder [29].

From the previous research reports, the transformation mechanism of the crystal phase of SiO2 was
influenced by the temperature and pressure. In the crystal phase of 8102, the things that possibly happen
are a-quartz (trigonal), B-quartz (hexagonal), a-tridymite (orthorthombic), B-tridymite (hexagonal), o
cristobalife (tetragonal), and B-cristobalite (cubic). The phase transformation of a-quartz <> B-quariz
occurred at 573 °C; B-quartze>f-tridymite occurred at 870 °C; a-tridvmite <>f-tridymite occurred at
117 °C; p-tridymite «»f-cristobalite occurred at 1470 °C, and f-cristobalit—liquid silica occurred at
temperature 21710 °C [30,31.32]. The next is how to explain the mechanism of transformation of silica
nanoparticles that commonly have an amorphous structure to be crystalline structure. Generally, the raw
materials of silica sand have a crystal structure of o-quartz. After the hydrothermal process in the
autoclave at the pressure above 1 atmosphere and temperature of ~350-1100 °C, the silicate sodium was
produced; generally, amorphous silica or amorphous-crystal was created through coprecipitation process
[11]. After that is how the silica nanoparticle properties and the process of phase transformation continue
to the crystal.

This research concerned on natural sand purifying process and producing silica powder in nanometer
using hydrothermal and coprecipitation methods. The effect of calcination temperature on the silica
nanoparticles (amorphous) samples and the phase transformation of amorphous-crystalline were
analyzed using X-ray Diffraction (XRD) and the functional groups were analyzed using FTIR
spectroscopy wave absorption, and the particle form and the growth of particle grain were analyzed by
SEM test.

2. Materials and Methods

The raw materials in this study were as follows: Natural silica sand, HCl 37%, NaOH 99%, and de-
mineralized water. The synthesis employed a continuous method (hydrothermal coprecipitation). The
first step was the formation of silicate sodium precursor through hydrothermal. It was then mixed with
NaOH 5 M solution and stirred wisely for 2 hours. The second stage was the coprecipitation process.
the sodium silicate solution was dried at ambient condition for 24 hours and followed by stirring and

[




The 2017 International Conference on Mathematics, Science, and Education IOP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1093 (2018) 012025  doi:10.1088/1742-6596/1093/1/012025

adding HCI (2 M) to reach a neutral pH (8 - 7). The solution was looked muddy and formed a white gel.
The precipitated gel was then filtrated and cleaned by de-mineralized water for several times. The
precipitated Si(OH); was dried in the oven with the temperature of 200 °C for 2 hours. The silica gel
(Si02) was finally characterized by means of X-ray diffraction (XRD) to identify p structure and crystal
phase. The analysis of functional groups in SiO; (Silanol, siloxane) used Fourier Transform Infra-Red
(FTIR) test. The morphology of the particles (the form of particles) and the formation of the particles
were observed using Scanning Electron Microscope (SEM).

3. Results and Discussion

3.1 XRD Analysis

The data of diffraction pattern of SiO2 powder that had been synthesized using continuous method
(coprecipitation-hydrothermal) for the hydrothermal time of 10 hours (Figure 1 (a)) showed the single
peak at the position of (20) 21.6°. The diffraction pattern indicated that this silica powder was in an
amorphous condition (Shinohara et al., 2004). If the calcination was done to the samples (silica powder)
of the synthesis results at the temperature of 900 °C in the furnace for 10 hours, it would result in the
diffraction pattern with the position of angle hump of (20) 22.01°. The diffraction pattern of XRD began
to show the formation of tridymite crystal phase (Figure 1 (b)). Lastly, the samples calcinated at the
temperature of 1000 °C (Figure 12(c)) showed the phase transformation of amorphous S10; to
polyerystal phase signed by the formation of some peaks on the crystal structures. The dominant erystal
phases were Quartz, Tridymite, and Cristobalite. The XRD pattern showed one characteristic of Quartz
phase forming the peak at 26.68° in accordance with Quartz (database 96-900-5018), the tridymaite phase
at 21.53° and 35.71° (database 96-901-3493), and the cristobalite phase formed the peak at (20) 22.05°,
28.49°, 31.43°, and 35.99° (database 96-900-8111) [30] . the analysis results showed multi-spaces with
the majority of cristobalite phase (77.4%), a little bit tridymite phase (14.2%), and quartz phase (8.4%).
If we see the transition process, the samples transformed from the Quartz phase to cristobalite phase and
from cristobalite to tridymite. This case is a little bit different from the phase diagram of silica showing
that the phase transformation from tridymute phase to cristobalite phase occurred at 1470 °C with the low
pressure (below 20 kbar). The gel silica with the calcination at the temperature of 900 °C will form -
cristobalite form signed at (111), (110) and (120) and it will be more obviously formed at the
temperature of 1400 °C [32]. The phase change from ct-quartz to 3-quartz or the other way around, from
[f-quartz to B-cristobalite was extremely influenced by the various temperatures [32].

The phase transformation process was different from the previous results for the raw material of 510,
crystal quartz (material from nature) with the particle size of micrometer as explained by Marthe Erdal
Kjelstadli: quartz — tridymite (870 °C); tridymite — cristobalite (1470 °C) and cristobalite — liquid
silica (1710 °C) [33]. This result strengthens the previous finding of Arianit A. Reka, et al. stating that
the phase transformations were B-quartz <> B-tridymite at 870 °C, B-tridymite <> B-cristobalite at 1470
°C, and B-cristobalite — vitreous glass at 1705 °C [34].
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Figure 1. XRD pattern of the samples without (a) and with calcination at (b) 900 °C and (c) 1100 °C

3.2, FTIR Analysis
FTIR characterization aims to know the pattern of wave absorption in the samples. The pattern of
mirared wave absorption of S10 sample for the condition before and after the calcination at 900 °C 1s
shown 1n Figure 3 (a-b). The analysis results and matching of the pattern of infrared absorption 1n the
functional groups of the sample as displayed in Figure 3, at the wavelength of 465-475 ¢cm’', 800-870
', and 3000-4000 cm™' showed the absorption pattern of the Si-O functional group, —OH group of
810, and O-H group. Such absorptions were in accordance with the characteristics of the absorption
pattern of silica obtained from reference [34.35]. The absorption pattern of the S1-O-Si group (siloxane)
as the synthesis result was located at the wavelength of 1098 emr!. Such result corresponded to the
reference having the range between 1050 and 1115 cm™. The pattern of O-H functional group (water
molecule) had the absorption at the wavelength of 1639 em'[11, 30, 36]. The absorption pattern of Si-
O-Si (siloxane) group as the synthesis result took place at the wavelength of 1095¢cm™. Such result was
in line with the reference having the range of 1050-1115 em™ [29, 35, 37]. The pattern of O-H (water
molecule) functional group had the absorption at the wavelength of 1639 ecm™ [11, 29, 35, 37].
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Figure 2. IR Spectroscopy of SiO; without (a) and with calcination at 900 °C
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The absorption change of O-H functional group was shorter. This indicated that the water (OH)
content was more eliminated while the Si-O-Si functional group was still dominant (the vibration was
better), and for Si-O group was also getting dominant. This showed that the crystal characteristic of S10,
was also better (the crystal phase was formed). The results of FTIR characterization clearly showed the
phenomena of the loss of the absorption pattern on O-H (water molecule) group as the calcination
temperature used was getting higher [11,37,38]. Figure 2 respectively shows the absorption pattern of
silica without caleination, and the absorption pattern (with calcination at 900 °C ) indicating the decrease
in the absorption pattern of O-H (water molecule) functional group. Besides, the phenomenon of shifting
to the right (the wavelength was getting higher). The absorption position of silica functional group: Si-
O-S1 rocking, Si-O-Si banding, Si-O stretching transversal optic (TO) and Si-O stretching longitudinal
optic (LO) [21, 22, 39].

Table 1. Corresponding the functional groups of the results of FTIR with reference
Wavelength (cm™)

experimental data Functional Group i tg::::‘:}%::_l} Reference
(a) () -
469 470 (’""'”ps:lgm“““ 465 - 475 [11,29,37]
OH group vibration
800 800 e 800 - 870 [11, 19, 29, 40]
1098 jgg5  PrOSHEROUPASymEeDy 1050 - 1115 [11, 19, 37, 40]
vibration
1639 1639 Ol (hates moleoile) 1639 [11,37,38]
group vibration
3463 3456 O-H group vibration 3000 - 4000 [17. 28, 38, 40, 41]

3.3. SEM Analysis

In this research, the morphology of silica as the synthesis result using hydrothermal-coprecipitation
methods without calcination, with calcination at 900 °C (SEM data) is displayed in Figure 3. It is shown
that the particle size was smaller and spherical which tended to be oval: the grain border was clear; the
estimation showed the particle size of ~ 72.85 nm (£ 100 nm). The sample with the calcination
temperature of 900 °C for 10 hours had shown the growth of its particles so that it formed the bigger
size (Figure 3 (b)) so that the particle size was getting bigger with the more dense particle structure, the
getting fewer grain borders indicated by the space between particles which disappeared. The particle
size resulted was greater; the growth of the particle size caused the grain border between particles
disappeared. When the calcination temperature was getting higher (started at 900 °C), the agglomeration
process happened to form the bigger particles. The particles looked like a ball and crystal box as shown
in Figure 3 (c).
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200 nm

Figure 3. Micrograph SEM of S10; nanoparticles: (a) without calcination, (b) after calcination at 900
°C for 10 hours, and (¢) the form of sample particles (b)) in the position of taking the different picture
with the magnification: like-spherical and crystal box.

4. Conclusion

Finally, it can be obviously stated that the continuous method has been successfully applied to produce
silica (810;) powder nano-crystalline with submicron particle size. The silica from natural sand can be
separated from its contaminant and the particle size of the silica can be reduced to the nanoscale. The
final product was in the form of Si1O; nanoparticles powder with the amorphous phase with the size of
~72.85 nm. At 900 °C calcination temperature for 10 hours, the phase transformation happened from
the amorphous phase to the polyerystalline phase with the domination of cristobalite crystal structure,
tridymite, and quartz. The calcination process definitely influenced the change of the amorphous phase
to the crystal and the particle grain size of SiO; was bigger and the particle grain border disappeared.
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