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1. INTRODUCTION

Due to the numerous applications of nanoscience and nanotechnology in practically all areas of human
endeavor, particularly in the fields of energy and medicine, this topic is now the subject of intensive research.
Recently, the research focus has shifted to rice husk (RH) as one of the major sources of silica [1-3]. The
interest in rice husk is not only due to its rich silica content but also due to its availability and abundance in
almost all parts of the world [4,5]. Besides, the husk is also very inexpensive across the globe [6-8]. The rich
silica in rice husk especially when reduced to the nanoscale can be harvested for applications in Energy,
medicine, agriculture, industries, and so on [9]. Typically, the nano-SiO2 derived from rice husk is a major
material for the synthesis of nanostructured silicon for high-performance Li-ion battery anodes [10,11], and
solar cell fabrication [12]. It can also be explored for biomedical [13], chemical sensing [14] and ceramics
[15], and so many other applications. Depending on the calcination temperature, the silica derived from rice
husk exists in different forms as amorphous or crystalline silica. Rice husk produces 90 to 98 % amorphous
silica when burnt at a controlled temperature of less or equal to 700 oC [16] in the case of untreated rice husk
and short calcination time. Above the temperature of 700 oC, silica with negligible content of unburned
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carbon is produced leading to crystallization [17]. For treated rice husk burnt at shorter times, the silica
crystallizes at temperatures equal to or above 800 oC [18-21]. Different methods had been employed to
synthesize silica from rice husks in the past decades. Most prominent among these methods include
preparation from direct calcination of rice husk, preparation from post-treatment of rice husk ash, bio-
method, and the sol-gel method [22-26].
The kind of application of silica derived from rice husk is highly dependent on the amount and quality of the
derived silica. For instance, high-quality (pure silica of 99.999%) silica is required to produce the Nano-
silicon needed for the fabrication of solar cells [12,27]. High-quality silica is also necessary to produce
silicon for the fabrication of high-performance Li-ion battery anodes [10,28]. Very high-quality silica is also
needed for most industrial and biomedical applications. However, the quality of silica derived from rice husk
is dependent on many factors. Factors such as location, rice variety, fertilizer application, geographic and
climatic conditions, calcination temperature, and synthesis method are key to deriving high-grade quality
silica [29-31]. Though a detailed study has been done on silica derived from the husk of different rice
varieties [8], most research attention has been shifted to the synthesis method as a factor to derive quality
silica ignoring the other factors. Today, most researchers collect rice husk from milling stations just for
deriving the silica without paying attention to other factors, resulting in several impurities in the silica. In
addition, the synthesis method adopted by most researchers is the method of boiling rice husk in hydrochloric
acid. The research report shows that even when rice husk is boiled in hydrochloric acid (HCI) several
impurities still exist in the derived silica and the impurities can be further removed by soaking the HCI pre-
treated husk in Phosphoric acid [8]. Although this has been studied and reported, a comprehensive study of
the structural, morphological, optical, and other properties of Nano-silica prepared from rice husk through
this route has never been studied and published to the best of our knowledge.
Given the above facts, herein, the research is aimed at an attempt to carry out a comprehensive study on the
effect of factors such as location and fertilizer application on the quality of Nano-silica derived from rice
husk. Furthermore, the structural and optical properties of the derived Nano-silica through phosphoric acid
pre-treatment at three different concentrations are also studied in detail.
2. Experimental

a. Materials
Five samples of rice husk of Nerica-1 rice variety grown in five different locations in the Middle-belt of
Nigeria, particularly Benue, Kogi, Nasarawa, Plateau, and Taraba states with and without fertilizer
application were collected and used as the major raw material in this research. The samples from each state
were labeled using the first letter of the name of the State as shown in Table 1.

Table 1: Sample label

Sample /State Label
Benue Bl
B2
Kogi K1
K2
Nasarawa N1
N2
Plateau P1
P2
Taraba T1
T2

B1, K1, N1, P1, and T1 are rice husk samples collected from Benue, Kogi, Nasarawa, Plateau, and Taraba
States respectively. The rice husk samples are of the origin of the Nerica-1 rice variety that did not receive
fertilizer application during growth. The samples B2, K2, N2, P2, and T2 are also from the same respective
states and of the same Nerica-1 rice variety that receives fertilizer application during growth.

HCI (37 wt %; 99.9%), and H3PO4 (87 wt %) were purchased from Sigma Aldrich (Meck). No further
purification was done and the products were used as received.

2.2 Preparation of nanosilica from rice husk using HCI/HsPO, Acids.
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Water pre-treatment was adopted for the treatment of samples for yield and quality of silica test. All the
samples were sieved and washed thoroughly with deionized water. The washed sample of B1 was dried in an
open space for 24 hours under a shield to drain the water content. The sample was then dried in an oven at
110 °C for 24 hours. It was then calcined in a box furnace at a temperature of 550 °C for 6 hours with a ramp
rate of 10 °C /min and allowed to cool to room temperature. The resulting silica from this B1 sample was
labeled S: B1. The procedure was then repeated to obtain the remaining samples. All the samples were
subjected to the yield test and the B1 sample collected from Benue State was later chosen as raw material for
the preparation of nanosilica for further characterization including photoluminescence studies. The reason for
the selection of this sample will become obvious from the yield result.

Acid (HCI/H3PO.) pre-treatment was done on sample Bl after thorough washing with deionized water
following the same procedure reported in our previous articles [6, 7, 21]. Usually, 50g of dried B1 RH
sample was mixed with 200 mL of 10 wt % hydrochloric acid (HCI). The mixture was boiled under constant
stirring for 2 hours after which it was rinsed with deionized water to a neutral pH of 7. It was then pre-treated
with phosphoric acid by soaking it in 0.8 M phosphoric acid (HsPO4) for 72 hours. Washing was then carried
out to remove all the adherent acid particles to a pH of 7. It was then dried in an oven at 110 °C for 24 hours
and thereafter calcined in a box furnace for 6 hours at a temperature of 550 °C with a ramp rate of 10 °C /min.
The produced nanosilica sample was allowed to cool to room temperature naturally and it was labeled RH-
Si02-0.8 M H3PO.. The procedure was repeated to produce nanosilica samples RH-SiO2-0.08 M H3PO, and
RH-Si02-1.52 M H3PO,.

2.3 Characterization

The structures of the samples were determined by X-ray diffraction (XRD) using PANalytical X Pert PRO
with Cu Ko of wavelength 1.5406 nm. The morphology of the samples was obtained using Zeiss Auriga
Field Emission Scanning Electron Microscope (FESEM) and Jeol JEM-2100 Transmission Electron
Microscope (TEM), each equipped with energy dispersive X-ray spectroscopy (EDX) for chemical
composition studies. The yield of the samples was also determined using X-ray fluorescence spectroscopy
(XRF) model minipal4 pw425/45B © 2005 with Rh tube. Fourier Transform Infrared Spectroscopy (FTIR)
was carried out using a Perkin-Elmer Ate-FTIR 100 spectrometer. The surface areas of samples were
determined using the BET Surface area analyzer model Micromeritics TRISTAR Il 3020. UV-Vis
spectroscopy of the samples was obtained from Perkin-Elmer Lambda 1050 UV/Vis/NIR spectrophotometer
equipped with an integrating sphere at room temperature Photoluminescence (PL) measurements were
performed at room temperature using Hitachi F-7000 spectrophotometer.

3.0 Result and Discussion

3.1 Effect of Physical and chemical processing on the Yield and Quality of rice husk silica

The variety of rice, the temperature of calcination (incineration), holding time, and pre-treatment methods are
reported to affect the quality of the silica from rice husk [8,32]. Besides, location and fertilizer application are
also considered key factors for the production of high-yield and quality silica from rice husks. To determine
the effect of location and fertilizer application on the yield and quality of silica from rice husk, the water pre-
treatment method was deliberately adopted to avoid the total removal of most elements/compounds by acids
while controlling other important factors. Table 2 presents the yield of silica from rice husks based on
location and fertilizer application. The result shows a difference in yield based on the location. Though there
is no significant difference in yield of silica from each state (location) based on fertilizer or no fertilizer
application it shows an increase in the amount of K* and P where the plant receives fertilizer application
during growth. The increase in the amount of K* and P has resulted in a decrease in the silica yield and
quality irrespective of location indicating the strong influence of fertilizer application. Close observation
reveals that some places have high silica yield even without fertilizer application more than even those with
fertilizer application, confirming the effect of location on the quality and yield of silica. Most importantly,
this result confirms that not only one factor plays a role in the grade and yield of silica and that the silica
derived from rice husk irrespective of any pre-treatment method still contains several impurities. However,
water pre-treatment is considered effective for the removal of most of the impurities. A comparison of this
result with our previous result [8] confirms this as most impurities in the untreated sample in that result are
not present in the result here indicating that they might have been removed due to the water pre-treatment.
Therefore, it has become more apparent from the result in Table 2 that sample B1 because of the high silica
and low K* and P content will be used throughout the remaining part of this research work and will be
subjected to acid pre-treatment to further remove mineral impurities. Acid pre-treatment removes or reduce
metal ion impurities particularly K* which promote the melting of RH-SiO, at relatively low temperature
[25].
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Table 2: Silica yields (%) of samples based on location and fertilizer application.

Compound Major Yield (%)

Element Benue Kogi Nasarawa Plateau Taraba
S:Bl  S$:B2  S:K1I  S:K2 S:N1  S:N2 S:P1  S:P2 STl S:T2
Si0, Si 91.60 86.56 87.93 84.14 89.20 8899 86.96 86.05 89.70 89.30
P05 P 4900 8.830 7.050 10.456 6.340 6.890 9.270 9.971 6.600 6.912
K20 K 1.900 3.461 2826 3.920 2.616 2.498 2233 2764 2.000 2.254
Ca0o Ca 0930 0.610 0.956 0.731 0914 0.875 0.988 0.799 0.887 0.663
Fe;0; Fe 0432 0.120 0512 0242 0381 0217 0226 0130 0.171 0.159
MnO Mn 0.313 0.110 0.234 0.130 0.140 0.150 0.113 0.101 0.123 0.210
RuO; Ru 0.130 0.100 0.112 0.145 0.110 0.092 0.108 0.098 0.143 0.132
V,05 Y% 0.002 0.001 0.002 0.012 0011 0.010 0.017 0.015 0.042 0.033
TiO, Ti 0.100 0.060 0.130 0.016 0.022 0031 0021 0.016 0.025 0.018
Zno Zn 0.013 0.011 0041 0032 0017 0.023 0014 0.013 0.036 0.039
Re;0; Re 0.016 0.004 0.003 0.021  0.032 0.041 0.002 0.001 0.045 0.061
Y,03 Y 0.006 0.013 0.052 0.041  0.053 0.033 0.007 0.003 0.028 0.027
EuO3 Eu 0.008 0.005 0.007 0.015 0.004 0.009 0.003 0.002 0.032 0.024
Zro, Zr 0.012 0.018 0.021 0.016 0.029 0.032 0.020 0.018 0.037 0.030
Cuo Cu 0.034 0.043 0.046 0.032 0.058 0.063 0.013 0.010 0.077 0.067
Rb,0 Rb 0.004 0.054 0.078 0.051 0.073 0.046 0.005 0.009 0.054 0.071

Table 3 presents the result of the chemical composition of nanosilica derived from HCI/H3PO, Pre-treated
Rice Husk. The result shows that HCI/H3PO4 pre-treatment removes most of the impurities including P2Os,
V205, Y203, EuO3, ZrO,, and Rb,0. The effectiveness of HCI/H3PO4 pre-treatment to remove impurities and
improves the yield of silica and consequently, its quality has been reported [8]. It is also shown that H3POu4 is
very effective in removing impurities that cannot be removed by HCI pre-treatment only [8], which is also
confirmed in this work. The yield of silica in this work has risen to 99.61 % due to the further removal of
more impurities. Most striking about this result is the complete removal of P,Os and the reduction in the
content of K»O impurity from 1.90 % to 0.032 %. In addition, CaO and Fe,O3 have been reduced to the
minimum by this method. Phosphoric acid has been reported to be very effective in the removal of iron from
quartz sand [33].

Table 3: Chemical composition of nanosilica derived from HCI/H3PO4 Pre-treated Rice Husk

HCI/H3PO4 Pre-treated Rice Husk

Compound Major Element Yield (%)
Sio, Si 99.61
K20 K 0.032
Cao Ca 0.073
Fe203 Fe 0.103
MnO Mn 0.015
RuO, Ru 0.109
TiO, Ti 0.032
Zn0 Zn 0.001
CuO Cu 0.013

Re;0; Re 0.012

Other factors which are known to influence the quality and yield of silica were also taken into consideration
during the processing stage. The temperature of 550 °C was chosen because calcination at a relatively low
temperature of 550 °C stops the formation of irregular aggregates by fusing [34]. The calcinations time of 6
hours is chosen to prepare amorphous and mesoporous silica nanoparticles (nanosilica) with a little amount
of carbon.

3.2 Effect of HsPO4 Concentration on the Luminescence Properties of the RH Derived nanosilica.

3.2. 1 Structural Properties
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The structural studies show that XRD patterns of RH-SiO, from HCI pre-treated RH soaked in higher
concentrations of phosphoric acid (0.8 and 1.52 M) exhibit a single broad peak from 15 to 30° with a
maximum at 20 ~22.19° without any crystalline peak indicating purely-amorphous silica (Figure 33).
However, the RH-SiO, pre-treated with low concentration (0.08 M) of phosphoric acid revealed several
crystalline peaks at about 20 = 20.88, 26.50, 36.56, 39.37, 42.45, 45.79, 50.00, 54.76, 59.79, 64.29, 68.206,
75.47, 81.63, and 83.89° which are assigned to (100), (101), (110), (102), (200), (021), (112), (202), (121),
(113), (023), (302), (310), and (131) planes of quartz silica phase, respectively by JCPDS card no. 75-0443.

RH-Si0,-0.08 M H,PO,

—~
o
o
—
~

(100)

(101)

RH-Si0,-0.8 M H,PO,

M\ -

RH-SiO,-1.52 M H,PO,RH

R N

10 20 30 40 50 60 70 80 90

20 (Degrees)
Fig 1: XRD patterns of RH-SiO; nanoparticles pre-treated with HCI and soaked in different concentrations of
H3PO4,

The results here show that pure silica has been synthesized and that pre-treatment of RH with HCI and a high
concentration of phosphoric acid can enhance the amorphous phase of silica after thermal treatment. The use
of a lower concentration of phosphoric acid led to the crystallinity of the nanosilica as impurities particularly
potassium may not have been significantly removed to stop the melting of the silica. Wang et al. [25]
researched two samples of HCl-treated RH which were intentionally doped with Ca?* and K* respectively.
The Ca?* and K* doped RH were calcined at 700 °C for 2 hours. After characterizations, the result showed
that the K*-doped RH led to the formation of semi-crystalline silica, while Ca?*-doped RH produced
amorphous silica. The melting effect of K* lowers the silica surface area, increases silica particle size, and is
responsible for the encapsulation of impurities, which results in the crystallization of silica upon cooling to
room temperature [25].

3.2.2  Microstructure, morphology, and chemical composition studies.

The FESEM images displayed in Fig.2 (a) and (b) show the formation of agglomerates of large and small
irregular shape particles. Similarly, the TEM micrographs displayed in Fig. 2 (c) and (d) show the formation
of nano-sized spherical-shaped particles. This is an indication that the agglomerated nanoparticles observed
in the FESEM are indeed composed of spherical nanosilica. The TEM has a stronger penetrating power and
so it is capable of detecting single particles. The average particle sizes of the particles presented in Table 4 as
measured using the TEM micrographs gave values of approximately 30.4 and 43.1 nm for RH-SiO,-0.8 M
H3PO4 and RH-Si0,-0.08 M H3POa, respectively. The bigger particle size of the RH-Si0,-0.08 M H3PO4
may be partly due to the melting effect of K* as earlier discussed. The insignificant effect of the K* ion due
to its low content observed in Table 3 may partially have contributed to the small particle size observed in
RH-Si0,-0.8 M H3POa.

Effect of Some Physical Factors and Chemical Processing on the Yield and Quality of Nanosilica Derived
from Rice Husk (C. Mbakaan)
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Fig 2 (a): SEM image of RH-Si0O,-0.8M H3PO4 (b) SEM image of RH-Si0,-0.08M H3PO, (c) TEM image of
RH-SiO2- 0.8M H3PO4 (d) TEM image of RH-SiO,- 0.08M H3PO4

Table 4: Particle size analysis result of RH-SiO. derived from RH pretreated with HCI and H3PO..

Sample Particle size (nm)
RH-Si02-0.08 M H3PO4 43.089
RH-Si02-0.8 M H3PO4 30.385

The EDX results presented in Figures 3(a) and 3(b) show that RH-SiO2-0.8 M H3PO, (Fig. 3a) is composed
mainly of Carbon (C), Oxygen (O), and silicon (Si) with sodium (Na) as an impurity which could not be
detected with XRF, while RH-SiO,-0.08 M H3PO,4 (Fig.3b) is composed of Carbon (C), Oxygen (O) and
silicon (Si). The Aluminium (Al) may be from the grid used in holding the sample since it was removed
during acid pre-treatment.

Int J Eng & App Phy, Vol. 3, No. 3, September 2023: 865 - 878



Int J Eng & App Phy ISSN: 2737-8071 0o 871

. Map Sum Spectrum
o
Si 2 0.1
(o] 32, 01
C L 01
Na .2 0.0

(a)

0 2 4 6 8 10 12 14 16 18
4 gi
i 4 . Map Sum Spectrum
E Witk o
100— < 483
b 0 271
: Si 244
i Al 0.2
= 4
L]
i (b)
U
50~
0 Trrrrrrr[rrrrrr [t T[T [ TT T TT Tl TTTr]
0 2 4 6 8 10 12 14 16 18 keV

Fig 3: EDX of (&) RH-SiO2- 0.8M H3PO4 (b) RH-SiO2- 0.08M H3PO4

The results of EDX analysis in Figure 3 and presented in Table 5 further show that soaking HCI pre-
treated RH in a higher concentration (0.8 M) of Phosphoric acid can provide the highest yield of nanosilica
and significantly remove impurities. A low concentration of phosphoric acid does not enhance the yield of
nanosilica and does not improve other properties of nanosilica derived from RH.

Table 5: EDX Result of RH pretreated with HCI and soaked in Phosphoric acid.

Weight (%0)
Element RH-Si02-0.8M .
Si 57.30 24.40
O 32.80 27.10
Cc 9.70 48.30
Na 0.20 -
Al - 0.2

3.2.3  Fourier transforms infrared (FT-IR) analysis.
Based on its excellent properties, RH-SiO,-0.8 M H3PO. was considered for FT-IR analysis.

Effect of Some Physical Factors and Chemical Processing on the Yield and Quality of Nanosilica Derived
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Fig 4: FT-IR spectra of RH-Si0,-0.8 M, H3PO4sample

Figure 4 (Fig.4) displayed the Fourier transform infrared (FT-IR) spectrum of the RH-SiO»-0.8 M
H3sPO,4. The FT-IR spectrum contains two absorption bands; a weak absorption band at ~795 cm™ which is
assigned to Si-O-Si symmetrical stretching vibrations [37—40], and a broad absorption band which is much
stronger with a valley at 1068 cm™, assigned to the asymmetrical stretching mode of Si-O-Si [37-39,41].
There are weak bands with valleys at 1633 and 2309 cm* assigned to H-O-H bending mode and C=0 bonds
[40].
3.2.4  Surface area measurement
The result in Fig. 5 presented in Table 6 shows that the RH-Si02-0.8 M H3zPO, sample has 219.09 m?/g, 0.25
cm?®g, 4.57 nm, and 66.56 as surface area, BJH pore volume, pore size, and BET constant (C) respectively
which indicates mesoporous silica. The result is comparable to the result of the work done by [42,43] and it
indicates that soaking HCI pre-treated RH in phosphoric acid will effectively increase the surface area of the
derived nanosilica. RH-SiO; derived from RH of Nerica -1 rice variety pre-treated with HCI only has been
reported to have a surface area of 161.38 m?/g [8] while the nanosilica derived from RH of Nerica-1 rice
variety pre-treated with HCI/ HsPOy in this research has an increased surface area of 219.09 m?/g.
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Fig 5: N2 sorption isotherms of RH-SiO,-0.8 M, H3PO4sample
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Table 6: Surface Area Measurement result of RH-SiO,-Osi, RH-Si0,-0.8M H3PO., RH-SiO,: 0.10 Sm?3*, and
RH-SiO2: 3 mol %Eus*.

Parameter RH-Si0,-0.8M- H3PO,
BET surface area (m?2/g) 219.09
BJH Pore volume (cm3/g) 0.25
BJH Pore size (nm) 4.57
BET constant (C) 66.56

3.2.5  Optical Properties

Diffuse reflectance spectroscopy

The absorption bands (see Fig. 6a) are located at about 218, 249, and 319 nm for RH-Si0,-0.08 M H3PO..
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Fig 6: (a) Diffuse reflectance spectra and (b) Band gap of RH-SiO; nanoparticles derived from RH pre-
treated with HCI/H3PO..

It is observed that for RH-SiO,-1.52 M H3PO, the absorption bands are located at about 218, 249, 319, 472,
and 519 nm while for RH-SiO,-0.8 M H3PO. the location of the absorption bands is similar to the previous
sample except the 218 nm has been shifted to 206 nm. The absorption bands at 206 and 218 are band-to-band
absorption of SiO,. The bands at 249 and 319 nm are due to some defects centers such as oxygen deficiency
centers in the SiO; [35]. The absorption bands at 472 and 519 nm are due to carbon impurities [36].

From Figure 6 (b), three sets of energies (absorption edges) 3.30 — 3.93, 3.93 — 5.31, and 5.31-5.80 eV could
be observed from all the samples. The energy band gaps are located at about 5.03, 5.31, and 5.50 eV for RH-
Si02-0.08 M H3PO4, RH-Si0,-1.52 M H3PO4, and RH-Si0,-0.8 M H3PO., respectively (Table 7) indicating

Effect of Some Physical Factors and Chemical Processing on the Yield and Quality of Nanosilica Derived
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higher energy band for silica derived from RH samples pre-treated with a higher concentration of phosphoric
acid.
Table 7: Band gap of RH-SiO, nanoparticles derived from RH pre-treated with HCI and phosphoric acid.

Sample Band gap (eV)
RH-Si02-0.08 M HsPQO4 5.03
RH-Si02-0.8 M HsPOg4 5.50
RH-Si02-1.52 M HsPO4 5.31

Photoluminescence studies

The photoluminescence excitation (PLE) spectra (Fig. 7) for RH-SiO.-x HsPO4 where x= 0.08, 0.8 and 1.52
M samples obtained by monitoring emission at 435 nm show similar spectra which are broad with peaks at
221,252, 275 and 365 nm.

The photoluminescence emission spectra of the RH-SiO2-xH3sPO4 (Fig. 8 (a)) under an excitation wavelength
of 365 nm (Near UV light region) show continuous broad bands in the range 388-700 nm. The broadening is
due to energy gap change in the SiO; or energy level increase as a result of the adjustment of the angle
between Si-O-Si and inhomogeneous strain resulting from the substitution of Si by C [38]. The RH-Si0,-0.8
M HsPO,4 sample produced the strongest intensity (Fig. 8a) due to the increased purity of the samples. The
deconvoluted spectrum (Fig. 8 (b)) of RH-Si0O2-0.8 M H3PO,4 sample gave 5 Gaussian peaks with center at
411 nm (i) 431 nm (ii), 453 nm (iii), 483 nm (iv), and 528 nm (v). This result indicates that the nanosilica
obtained by soaking HClI-pretreated RH in phosphoric acid gives emissions mainly in the blue (411, 431,
453, and 483 nm), and green (528 nm) regions of the visible spectrum.

1.4x10°
1.2¢10° kem=435 nm
= RH-Si0,-1.52 M HCIH,PO,
RH-Si0,-0.08 M HCI/H PO,
—_ 3
5 1.0x10° s RH-Si0,-0.8 M HCI/H,PO,
8
> :
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[
9
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L .UX
—
a
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Fig 7: Excitation spectra of RH-SiO,—x H3PO4 (x= 0.08, 0.8, and 1.52 M).

Like before, the emission peaks at 411, 431, and 453 are due to some defects centers in the silica such as
oxygen-deficiency centers (ODCs), and non-bridging oxygen hole centers (NBOHC) etc [36] while the peaks
at 483, 528 and 575 nm, are due to carbon impurities [36,42,44].

The result of Figure 9 presented in Table 8 shows the Commission Internationale de I'Eclairage (CIE)
chromaticity diagram and coordinates respectively of emission spectra of RH-SiO,-xH3sPO4, (x= 0.08, 0.8,
and 1.52 M) under 365 nm excitation. The coordinates show a shift to sky blue light as the concentration of
the H3PO, acid increased from 0.08 M to 1.52 M.
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Fig 8: (a) PL and (b) Deconvoluted spectra of RH-SiO>—x H3PO. (x= 0.08, 0.8 and 1.52 M)
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Fig 9: CIE chromaticity coordinate diagram of RH-SiO, samples obtained from RH pretreated in HCI/H3PO,
(RH-SiO2: xH3PO4 (x = 0.08, 0.8, 1.52 M).
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Table 8: CIE chromaticity coordinates of RH-SiO, samples obtained from RH pre-treated with HCI/H3PO4
(Aex=365 nm).

. CIE coordinates
RH-SiO2 samples

X y
RH-SiO2 - 0.08M HsPOx 0.1604 0.1068
RH-SiOz - 0.8M H3PO4 0.1604 0.1068
RH-SiO2 - 1.52 M H3PO4 0.1716 0.1547

4.0 Conclusion

The location of an area where rice is grown and fertilizer application has been shown to affect the yield and
quality of silica derived from rice husk. Considering a particular location, the yield of silica is found to be
high in areas where there is no fertilizer application, however, K* and other impurities content increase in
areas of fertilizer application. Water pre-treatment and HCI pre-treatment of rice husk are confirmed capable
of removing mineral impurities but pre-treatment of rice husk with HCI/H3sPO, is proved to be most effective
in the removal of impurities thereby improving the quality of silica derived from rice husk. The HCI/H3PO,
pre-treatment method is also found to be very impressive in producing amorphous and mesoporous silica.
The method generally improves the structural properties and enhanced the optical properties of the nanosilica
derived from rice husk. The method is most successful when H3PO, of higher concentration (0.8- 1.52 M) is
applied. A lower concentration (0.08 M) is found to be weak and ineffective for most properties.
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