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ABSTRACT

Amorphous silica nanoparticles were synthesized by injection of rice husk ash (RHA) silica diluted in
ethanol into hot polyethylene glycol (PEG) solution at 180 °C and allowing the mixture for 2 h at 80 °C.
The obtained product was characterized by X-ray diffraction (XRD), Fourier Transform Infrared spectra
(FTIR) and transmission electron microscope (TEM). The results indicated that the amorphous structure
of silica nanoparticles were successfully formed having well defined and regular spherical shape. TEM
exhibits high concentrated particles with a size in the range of 65 to 70 nm whereas some few particles are
peculiarly large. With this exception which induces an unexpected broad particle size distribution, the
optical properties UV-vis absorption and photo luminescence of the obtained silica are in good agreement
with those of previous conventional preparation techniques.
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INTRODUCTION

Silica is one of the white minerals along with china clay, talc and calcium carbonate abundantly used in
industries. World demand for silica in its diverse forms encompassing precipitated silica, fumed silica,
silica gel and silica sol will rise 6.3 % /year to 2.7 million metric tons in 2014 [1], the main ones being the
glass, foundries, construction, ceramics, and the chemical industry as catalysts, support for biomedical
applications such as drug’s delivery, additive for plastics or filler for concrete and other construction
composites [2-5]. Silica nanoparticles have received great deal of research because of their interesting
properties associated to their stability, low toxicity and ability to be functionalized with a range of
molecules and polymers. These properties depend essentially to the structure which is inseparably to the
synthesis process and raw materials used. One of the most referred is amorphous nano silica which is
obviously the phase of synthesis product dissimilar to the crystalline found in nature [6-8]. Many reports
have shown successful synthesis of amorphous nano silica either pure or doped in the form of composites
and thin films. Precursors used are often organic compounds such as tetraethylorthosilicate (TMOS),
tetraethylorthosilicate (TEOS) or polyethoxydisiloxane (PEDS) and inorganic systems like sodium silicate
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and olivine. A variety of synthesis processes are described in the literature including sol-gel [5, 8-9], micro
emulsion [7, 11-12], microwave-assisted acid catalyst [12-14] and vapour techniques [15-17]. Recently
greener methods which avoid the use of hazard precursors have been reported [ref]. These routes use
natural starting materials such as corn cop [9], sugar cane bagasse, coffee husk, [18-19], wheat husk [20],
and rice husk [21-26]. Rice husk is a an agricultural waste from rice mill, it is composed of 15 - 20 wt.%
SiO,, 74 wt.% of organic part (composed of cellulose, lignin and hemicellulos, the latter is a mixture of D-
xylose, L-arabinose, methylglucoronic acid and D-galactose and 4 wt.% of (A1,0; + Fe,0; + Ca O + Mg
0) [27-29]. It is a good alternative to the conventional materials and has a great potential as a bio-source
for large scale production since it is largely available. When calcinated under controlled conditions:
oxidation condition (air or best oxygen), 600-700°C from 1-4 h, rice husk leads to the formation of rice
husk ash (RHA) consisting of 61-71 wt. % silica and 36 wt.% of unburnt carbon and others impurities [30-
31].

Subsequently various procedures have been developed to convert RHA to silica: fluidized bed [20],
chemical pre and post treatment using acid and base solution [2], pressurized hot water treatment processes
[21], carbonization and combustion [22], non isothermal decomposition in oxidizing atmosphere [23].
However, alkaline dissolution of RHA to sodium/potassium silicate solution, which can easily be
transformed to silica by aforementioned techniques, found to likely a most yielding method to date with
most than 93- 98 % purity [32-35].

More attention has been paid to refine the quality of product with a regard of carefully control by the
morphology, particle size and size distribution, and structure or surface properties such as specific surface
area. Initially it was Stober and co-workers who obtained through hydrolysis in strong basic medium
monodisperded and non-porous silica particles [36]. There has been considerable progress made in the
synthesis of silica and more recently, by control pH and ratio of the water-to-surfactant molar, various
mesoporous structures with relatively higher specific surface area have been tailored [37].

There are still efforts to develop cost-effective techniques to synthesize and process nano silica that can
meet major challenges with regards to collection, uniformity, and reproducibility for concrete applications.
Hence, the objective of our work is to extract amorphous silica from rice husk ash, using a thermolysis
route. This method has a dual benefit, valuable silica particles at lower cost can be produced with reducing
disposal as well as pollution challenges.

MATERIALS AND METHODS

We used rice husk from a rice mill in Maroua, Far North Region of Cameroon. The sample was washed in
water to remove adhering soil and sand which easily settles down. The important part remained in
suspension is recovered with sieve (400 um) and wringed. After drying in an oven (Type Scientific, series
2000) at 110°C for 24 h, the obtained proper rice husk was burned at 700 °C in a muffle furnace, with 5 °C
min™ for the heating rate and 2 h at the peak temperature. This firing program was found to be an
optimum, according to previous work investigated on the calcination of rice husk, a temperature of 800°C
is the maximum to obtain chemically reactive amorphous silica from RH. At higher temperature crystalline
phases such as cristobalite will be formed while below 500 °C, there is incomplete carbonization [38-39].
The obtained white fibrous ash was then put in water (5.0 g of ash for 50 mL of deionized water), the
mixture was stirred for 2 h and filtered with Whatman paper no 41. The residue which is considered as
clean rice husk ash, named RHA, was used for further experiments. To investigate the effect of this
washing step, microstructure analyses were performed on rice husk ash before and after the washing using
a “A Zeiss Ultra Plus FEG Scanning Electron Microscopy (SEM) was used for surface morphology
analysis, equipped with an Oxford detector EDX at 20 kV which uses Aztec software for elemental
analysis”.
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Others materials used are deionized water, ethanol 95 % v/v and polyethylene glycol 400 (PEG 400), all
the chemicals were used as received from Supplied Laboratory & Analytical Supplies (PTY) Ltd.

The synthesis of nano silica was performed by the hot injection method [40-41]. 3.0g of RHA was
dispersed in 20 g of ethanol used as dispersing agent; the solution was then heated at 50 °C and vigorously
stirred for 10 min to obtain the precursor solution. It was then rapidly injected into PEG, the capping agent
which was previously heated at 180 °C under reflux. The temperature was then adjusted at 80 °C and held
for 2 h. Finally, the solution was allowed to cool at room temperature, the silica was precipitated by
adding 10 mL of ethanol and centrifuged then mixed and washed with the same solvent.

The as prepared sample was analysed on the Transmission electron microscopy (JEOL 1010 TEM) with
accelerating voltage of 100 kV, Megaview |1l camera, and Soft Imaging Systems TEM software and the
High Resolution Transmission Electron Microscope with an accelerating voltage of 200 kV (JEOL 2010
HRTEM) to verify the particles morphology, size and size distribution. The phase composition was
investigated by Fourier Transform Infrared spectra recorded in the range of 200-3000 cm™ using Bruker
FT-IR Tensor 27 spectrophotometer and by X Ray Diffraction (XRD). Powder diffraction patterns were
recorded in the high angle 2 theta range (5-70°) using a Bruker AXS D8 diffractometer equipped with
nickel filtered Cu-K a radiation (I = 1.5418 A) at 40 kV, 40 mA. The scan speed and step sizes were
0.3°/min and 0.001s respectively. In addition, optical absorption measurements were carried out using a
Varian Cary 50 UV-visible spectrophotometer with ethanol as reference in quartz curvets (1 cm path
length). Photoluminescence was used to measure on a Perkin-Elmer LS 55 fluorescence spectrometer.

RESULTS AND DISCUSSION

Effect of washing rice husk ash before use: The contribution due to the washing of rice husk ash before
use is quite distinct on the respective microstructure of the material before and after washing as seen in
figure 1a and 1b. The sample before washing shows agglomerated bulk material. After washing in water,
the particles appear loose yielding a more organized microstructure.

—

Figure 1: SEM micrographs of rice husk ash (a) before and (b) after washing in water

Structural characterization of the silica nanoparticles: The IR spectrum of the synthesized silica as
shown in figure 2 is typical infrared reflection curve of silica nanoparticles as several previous studies have
investigated. It displays a strong and broad absorption band peak at 447 cm™ which is usually ascribed to
the bending of vibration of Si-O-Si [42]. The others peaks at 797 cm ™ and 1056 cm™ can be considered to
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have shifted from 802 cm'and 1105 cm* corresponding to the symmetric and antisymmetric stretching
vibration of Si—O respectively [43-44].
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Figure 2: FTIR spectra of synthesized nano silica

Figure 3 shows X-ray powder diffraction pattern of the prepared nano silica which is characterized by a
broad halo at about 26 = 15-25 ° region which confirms the amorphous structure of the studied sample.
However, some few peaks appear at 20 = 26.22, 26.76 and 31.48, indicating the presence of a crystalline
phase, which can only be attributed to a residual impurity from the raw material. Comparison with the
XRD pattern of RHA shows a common peak at 20 = 26.76 °.
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Figure 3: XRD diffractograms of rice husk ash and nanosilica
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Figure 4: TEM images of nanosilica

Figure 4 shows the TEM images of the synthesized silica. The particles are dispersed, having well defined,
regular, spherical shape. There is however a heterogeneity concerning their size, with the majority of
particles in the 60-70 nm size range and some larger particles in the 105-112 nm range.

Optical characterization of silica nanoparticles: As illustration of optical properties, Figure 5 and 6
present respectively the UV-visible (UV-vis) absorption and the photoluminescence (PL) emission spectra
nanosilica solution. The UV-vis spectrum reveals an absorption band edge at 350 nm, whereas the PL
spectrum displays a blue band centred at 423 nm spawned by 350 nm excitation. This excitation was
chosen on the base result obtained by Vaccaro et al [45] according to which the 354 nm is the one of the 02
excitations peaks that induce the higher PL amplitude, the other one at 240 nm gives lower amplitude but
still in the same edge since the authors have demonstrated that change of excitation from 210 to 350 nm
cause variations of the PL amplitude, whereas the spectral features are poorly influenced. These optical
features are similar to those obtained in previous reports and attributed to Si-O-Si bond confirming the
presence of silica nanoparticles [45- 47].
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Figure 5: UV-vis absorption spectrum of nanosilica solution
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Figure 6: Photoluminescence spectrum of nanosilica solution

We used the widely available polyethylene glycol (PEG) and ethanol respectively as solvents to transform
silica from RHA through a thermolysis route. This is an efficient and highly explored technique that has
been used as an alternative to conventional for nanoparticle synthesis. RHA particles diluted in ethanol,
when injected into hot solution of PGE at 180 °C lead to the instantaneous formation of silica nuclei and a
drop in temperature to 80 °C prevents the formation of new nuclei since the energy barrier for nucleation
cannot be overcome and the growth process is favoured while further nucleation is suppressed. Nuclei
were allowed to grow for 2 h at 80 °C, these were predicted optimum conditions to balance the surface
roughening due to rapid growth at the initial period and the surface degradation induced at high
temperature growth temperature [48]. Furthermore, PEG as stabilizing agent was supposed to prevent the
formation of agglomeration of formed nanoparticles. Our results showed a high concentration of particles
with size between 65 and 70 nm, and also few peculiar agglomerated particles with size up to 112 nm.
With this exception which consists of the occurrence of unexpected growth of some particles, all other
properties of the obtained silica are in good agreement with the previous conventional preparation
techniques.
CONCLUSIONS

We have shown that it is possible to obtain silica nanoparticles from agro waste rice husk using harmless
and widely available polyethylene glycol (PEG) and ethanol. The advantages of this facile and
environmentally friendly method is its mechanism which spawns a homogeneous nucleation at the earlier
age even though the next step concerning the growth is still a challenge to control. The route could be used
for the large scale industrial synthesis of silica nanoparticles.
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