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Abstract
The objective is to utilize zero wastage rice hull material which contains major component  silica in amorphous and used as reinforcement material for
various applications. Burning of hull in controlled condition after removal of metal ions leads to white silica of high purity. An economical method for
extraction of amorphous natural silica by thermochemical treatment (pyrolysis process) is performed. The pyrolyzed biomass at four different temperatures is
observed for treated and untreated rice hull. Calcination of rice hull at 600ºc in mu�e furnace turns into white amorphous natural silica. In this research,
inorganic acid HCl is used to retrieve silica from rice hull. Synthesized Silica is characterized by X-ray diffraction analysis, which indicates that the silica is
amorphous form, it displayed a strong broad peak at 22.32º and 21.52˚ (2q). The FT-IR data was revealed the existence of peaks at 4000 cm-1& 400 cm-1

showing the siloxane & silanol groups were present, Fluorescence Spectrophotometer, SEM and EDS.

1. Introduction:
Rice hull is the waste biomass and good source for the production of silica about 50%-90%, majorly cultivated crop in the world [1–2]. Verities of sources are
available for the synthesized amorphous silica, among them one of the simple and good sources is rice hull, which has a large amount of silica up to 22%.
Rice hull on a weight basis accounts for an average of 20% by-product from the milling process, of the paddy crop [3–4]. RH is the agricultural waste available
abundantly in more volume and acts as a source for the production of amorphous silica, mass production of RH can be used economically at a low-cost
source of amorphous silica [5]. Combustion of RH under the constrained conditions leads to produce RHA, which possesses almost pure silica. The metal
impurities, i.e. Fe, Mn, Na, Ca, K and Mg, which effect the color and puri�cation of the SiO2 are removed by the pre-treatments with inorganic acids like HCl,
H2SO4 or HNO3 before combustion [6]. Two forms of SiO2 occur in nature Amorphous and crystalline. Opal is the amorphous form of silica and crystalline
occurs in three forms namely cristobolite, quartz and tridymite. Normally silica in RH being of bioquenic is essential of amorphous nature. At different
temperatures and heat treatment crystalline form of silica is obtained [7].

The importance of the amorphous form of silica contained in its form, when it compared with a crystalline form of silica because of inactiveness and inability
to involve in the chemical reactions [8]. Also, by latest survey and study gives clear information that RH is a large content of natural amorphous silica [9].
Applications of silicates acquired from SiO2 were used in the ceramics industry, and in cement production majorly, in biomedical, cosmetics, detergents as
�ller material [10]. Silica was employed as the main primary substance for the production of many inorganic materials and metal-based complexes, organic
materials, also used as a catalyst for the chemical productions and optical coating materials [11]. At present SiO2 materials are synthesized using various
methods, such as sodium silicate, sol-gel route, template synthesis, emulsions-based synthesis, and bio-inspired methods [12]. Leaching by acids [13] and
gasi�cation [14] process have been used for recovering SiO2 from RH. By extraction of alkali at low temperatures, amorphous SiO2 from RHA can be extracted,
amorphous silica solubility is less at pH < 10 and penetratingly raise pH > 10. This unique behavior concerning solubility can extract SiO2 in the purest form
under alkaline conditions and simultaneously precipitating at a low PH value [15]. Metallic sulphate formations which are insoluble in water were normally
used with organic acid (H2SO4) during the acid pretreatment stage of the RH. Also, HNO3 is not e�cient and cheaper than HCl. Due to the eutectic reaction,
some of the metal impurities were removed when melting temperature of silica from RHA. The inorganic compounds contained within the RH reached about
20%wt of the dry hull with silica occupying 94%wt of the total while (K2O), (CaO), (MgO), (Al2O3), and (P2O5) constituting the remaining 6% in descending
order of concentrations [16].

In this paper, the effect of inorganic hydrochloric acid is used for the removal of organics and metallic impurities from RH during the acid pre-treatment stage.
The properties studied include functional groups determination by FTIR spectroscopy and the percentage purity of the generated silica particles would be
ascertained by XRD, �uorescence spectrometer, surface morphology by SEM and wt% by EDS analysis.

2. Materials And Methods

2.1 Acid washing
Inorganic acid washing was used to remove small amounts of impurities and minerals before extracting silica from RHA in the following method. Initially, 1M
HCl solution is prepared (i.e, 8.36 ml of conc. HCl is added to 91.64 ml of tap water), Now 20 grams of RHA samples were immersed in 100 ml solution. This
solution is leached for 2hrs on a hot pan at 80ºc and water washed then �ltered by �lter paper to remove impurities.

RHA deposits are �nally washed with 100 ml of tap water as shown in Fig. 1. The residues were utilized for the extraction of silica. Draining off acid from the
RH and again rinsed with tap water until the free from acids or up to convert to neutral pH, the �ltered by �lter paper then air-dried. The acid-treated RH has
dried over sunlight up to 48 h. The un-treated RH and acid-treated RH were placed in the mu�e furnace at 550, 600, 650, and 700 ºC for 3h then resulting in an
un-leached RHA and acid-leached RHA respectively. Treating the rice hull at boiling temperatures with acid solution [6] was done and extended [4] so that a
large amount of impurities eliminates otherwise glassy phase formation takes place. Pre-treatment of the RHs and RHAs with HCl after the calcination process
was having a capacity for the impurities removal and results in the production of a white RHA. SiO2 levels were found to be higher than some values reported
in the literature. The values found by, [17], [18] and [19] were 78.44, 91.40, 94.95, and 84.10% of Silica respectively.

2.2 Extraction of Silica
Collection of rice hull from nearby Rice mill soaked for 1hr in salt water and made dried till the moisture is removed. Dried RH is treated with 1M Conc. HCl
same procedure adopted with small modi�cations. The leaching operation is carried out for 2hrs along with continuous stirring till the temperature attains
80ºC. The acid solution is removed from the boiled rice hull employing water wash, then again dried for 24hrs. The dried acid-treated RH is kept in the mu�e
furnace for 3hrs at 550, 600, 650 and 700 ºC and cooled overnight and the powder which is extracted is the white natural amorphous silica.
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2.3 Characterization Study
X-Ray diffraction was experimented by using PAN analytical X'Pert PRO by a Cu Kα radiation. The silica powder is placed on Bragg-Brentano optics on a �at
plate. Divergence slit was �xed in order to limit the beam �ow on the sample at angles of 2θ. X-ray Diffraction (XRD) sample type is powder form used for
crystallography analysis and identi�cation of phases. The parameters taken were scatter angle of 5º to 90º for time 13min with step size of 0.016º. Fourier
transform infrared spectroscopy (FTIR, Bruker,USA) is the additional characterization was done the silica powder is mixed with KBr window material in the
ratio of 1:100 and blended to obtain smooth surface for testing, then compacted in hydraulic press in order to form pellets transmittance measurements.

SEM analysis was conducted by using VEGA3 TESCAN of powdered sample was performed at 15.0 kV accelerating voltage under higher vacuum and at a
magni�cation of 7.00 kx. The Agilent cary eclipse �uorescence spectrometer is used for �uorescent measurements with high sensitivity. A solid sample device
used to hold many sample types powders, gels, fabrics optical components. Measures minute sample quantities deposited on the sides.

3. Results And Discussions
The microstructural, compositional analysis and morphological of RHA-Silica was executed throughout material characterization techniques such as an XRD,
FTIR, Fluorescence Spectrometer, SEM and EDS.

The X-Ray diffraction (XRD) model was achieved and functioned at 45 kV & 30 mA and 2θ in the range between 5˚ to 50˚. The structural pattern of the sample
was analyzed and recorded in the Software. XRD patterns of the untreated silica and HCl treated silica at the different combustion temperatures are
represented in �gure-2A and 2B, respectively. The broad diffused peak was observed with maximum intensity at 2θ = 22˚, this sharp peak was indicates silica
was amorphous.

However, increase the sharpness of this peak with increases of the combustion temperatures and observed the less amorphous/less crystallization nature at
lower temperatures 550 ˚C for untreated silica as presented in Figure-2A. It gives clear information about silica, if increase the temperature, the crystallization
nature was increased it indicates that the crystallization transformation of silica does not occur at 700 ˚C.

Meanwhile, synthesized silica was shown completely amorphous nature at below 700˚C, based on the different temperatures, this synthesized silica shows a
clear sharp peak with the appearance of amorphous nature at 600 ˚C. This is due to the alkali metals removal while leaching and also of eutectic reaction with
SiO2. Silica XRD spectra were shown in Fig. 2A, broad strong peak at 22.32° and 21.52˚ is observed for both treated and untreated SiO2 which reveals the
amorphous nature of silica. The empirical broad halo (SiO2_T2) with maximum intensity at 2θ = 22° was con�rmed the amorphous structure of obtained silica
similar results are shown [20] extracted SiO2 nanoparticles from RH and resulted in a broad peak at an angle of 22° [21].

And investigated sharp peaks absence in the (scanning angles) range reports that no crystalline structures are noticed.

The sample is prepared in the form of KBr pellets and the range is detected from 4000 cm− 1 and 400 cm− 1. The FTIR spectrum of the untreated amorphous
silica & acid-treated amorphous silica at 600oC is displayed in Figure-3 (combustion at 600 oC was taken as an example & the spectra of the amorphous silica
at another combustion temperatures were exhibiting similar to that which are amorphous). The strong absorption peaks were displayed at 810 cm− 1 and 452
cm− 1. These absorption band peaks revealed that the formation of the Si–O–Si bond, which’s an important aspect of the amorphous silica. The peak shown
at 1096 cm− 1 was tells about the formation of Si–O–Si asymmetric stretching vibration in the �ngerprint region [22]. The starching vibration of the functional
group O-H broadband with a broad band is shown at 3800 − 3000 cm− 1 region with various forms of hydroxyl groups, i.e. silanol hydroxyl groups (O-H). Based
on previous reports [23] also designate that -OH peak expansion can occur due to physically and chemically adsorbed water molecules.

Some what a sharp peak observed at 3750 − 3740 cm− 1 region is furnish to the stretching frequency of the hydroxyl group ( O-H) and the peak was displayed
around at 1633 cm− 1 is recognized to the bending vibrations of the O-H bonds in adsorbed water molecule on the outside of amorphous silica. Synthesized
from of RHA was designate that they are in the amorphous form of silica [24]. The FTIR spectrographs and analysis for the treated and untreated silica were
described in Figure-3A & 3B respectively.

The structure of silica is shown in Fig. 4. synthesized natural silica was characterized by UV-Visible (absorption) and photoluminescent (emission) spectra
were studied in 1 mM solubilized in CHCl3 at room temperature. Towards this, the wavelength of UV-Visible absorption (wavelength range is 350 nm to 450
nm) band maxima was demonstrated at 367 nm (as represented in �gure-5 (A)), which shows impressive absorption band coincided with amorphous nano-
silica [25] which was comparable with previous reports [26].

And the corresponding photoluminescent (emission) spectra displayed a short peak at 453 nm and a sharp intensity peak at 488 nm as shown in �g-5-(B) it is
comparable with amorphous nano-silica [27] and with comparison to nm for the sterilized SiO2 nanoparticles [28], Its strong PL emission has enhanced the
photostability [29]. These photophysical data was showing changes with other sterilized SiO2 nanoparticles and amorphous silica nanoparticles [30]. This
natural silica emission spectra were exhibiting co-relation with SiO2 nanoparticles.

Outer surface morphology is shown in Fig. 6. of acid-treated rice hull. The morphology of the rice hull is irregular and not smooth. The outer surface
appearance has rugged patterns that indicate the presence of silica. No silica or less silica has appeared at the inner surface of rice hull �ber. After completion
of the acid treatment, signi�cant changes were observed in rice hull morphology.

The surface of untreated rice hull reveals higher roughness than treated with acids because of hydrolysis with some of the organic components by the acid.
SEM analysis showed agglomerated ORHA, which may be due to the presence of hydrogen bonding between Silanol groups on the surface of rice husk ash
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for FRHA[31].

This con�rmed the high percentage purity of amorphous silica particles that were synthesized shows other element's traces were absent by the peaks
indicated in Fig. 7. Oxygen and Silicon presence were revealed by the formation of Si-OH groups (silanol) and Si-O-Si bonds (siloxane). bonds were together
made silicon & oxygen to be present. The amorphous silica particles were composed of 45.56% Si and 54.44% O noticed by EDS to the stoichiometric
composition of SiO2. The comparison is shown in table 1.

Table.1: Chemical Compositions of SiO2 for Commercial type and synthesized type

Type of Silica Silica (wt %) O (wt %) C (wt %)

Commercial Silica 47.68 44.64 7.68

Synthesized Silica 45.56 54.44% -

Conclusion
The quality of the silica from the rice hull leads to a problem, it certainly agglomerates. By a speci�c sample preparation method, size reduction could be
accomplished, and an amorphous silica sample that was acquired by the burning of rice hull at 600 °C, after leaching of the raw material with 1M HCl, existing
a homogeneous particle size distribution. The X-ray diffractograms exhibit a strong broad peak at 22.14º. It reveals that synthesized silica from RHA was
amorphous. However, the XRD results showed the presence of silica and its derivative suggests that materials fabricated from this biomass will certainly
possess good results when a strength point of view was considered. Absorption (367 nm) & �uorescent (488 nm) spectra showing their impressive sharp
peaks which indicated its natural silica presence and FTIR data showed the occurrence of the hydrogen-bonded siloxane group (Si-O-Si) and silanol (Si-OH)
groups in amorphous silica. Amorphous silica chemical compositions revealed by EDS were near to commercially available silica. The rice hull ash (RHA) has
various applications in marketing sectors all over the sphere. Like water glass production, it increases hydrophobic property in the case of concrete and
cement, acts as an additive in the rubber industry also used in the fabrication of ceramics.
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Figures

Figure 1

Steps Involved in the Preparation of 1M HCl Treated Silica. 1) Soaked in salt water 2) Dried 3) Packed rice hull 4) Conc. HCl 5) 1M HCl treated rice hull. 6)
Leaching operation 7) Water wash 8) Sealed in airtight bag 9) SiO2 (600 ºC).
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Figure 2

XRD spectra of A) Untreated RHA at various temperatures, B) 1M HCl treated RHA at various temperatures.

Figure 3

FT-IR spectra of A) Untreated RHA B) 1M HCl treated RHA operated at room temperature.
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Figure 4

Structure of Silica [6]

Figure 5

Fluorescence Spectrophotometer (A) Absorption spectrum of natural silica (1 mM solubilized in chloroform), (B) Emission spectrum of natural silica (1 mM
solubilized in chloroform).

Figure 6

SEM A) Untreated SiO2 B) HCl treated SiO2 after Ball Mill.
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Figure 7

EDS of (HCl) Acid treated Silica.


