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ABSTRACT

Nanosilica (SiO2), Rice
Husk Ash (RHA),
Precipitation method,
Leaching acids process.

Rice husk is considered a main agricultural waste in Iraq. High purity SiO2
NPs were produced from rice husk by enhanced precipitation and developed
leaching processes for the preparation of silica from RH. In this study, pretreatment for rice husk was with 3N HCl, and calcination at 700°C was
achieved, then followed with a leaching process with (1.5, 2, 2.5, 3) N NaOH
concentrations. The characterizations of the prepared SiO2 NPs were
studied by X-ray fluorescence (XRF), X-ray diffraction (XRD), and atomic
force microscopy (AFM). The results show that the prepared SiO2 NPs have
an amorphous structure with a high purity of 99.75%. The results of the XRay confirm the amorphous nature of the extracted SiO2 NPs. Also, the AFM
results indicated that the average diameter of the SiO 2 NPs was 85 nm. It
was noted that the leaching processes and pretreatment methods determine
the structure, particle size, and quality of the synthesized SiO2 NPs.
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1. INTRODUCTION
High purity nanosilica has unique properties that make it widely used in many applications as high
capacity anodes, the conversion of solar energy, biomedical applications, and photovoltaic, electric,
electronic devices [1-3]. The structure of the available silica in the earth's crust is either amorphous or
crystalline. In the whole world, Rice is considered a basic source of food. Rice husk is generated
during the rice milling process as a by-product [3]. The major inorganic component of the rice Husk is
silica [4]. Per year, the world harvest of rice is evaluated at 500 million tons. The husk is considered
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as 20% of the grain, through the combustion of the husk, the ash is produced with a rate of 20% from
the husk, and the obtained ash is estimated at 20 million tons. Usually, both rice husk and rice husk
ash remain as industrial waste without use. So, many applications in industrial for rice husk ash has
been researched. Also, using cheap resource materials like rice husk to produce important material as
nano-silica produced a huge economic benefit due to reduce the cost and utilize of waste. The
preparation process, properties, and applications of RHA are studied by extensive researches during
the last three decades, also, this subject was studied with many pieces of research [5]. The nature of
silica products (crystallinity and microstructure) is highly related to their application because the low
reactivity of crystalline silica is limited to its direct applications [6]. The extracted silica from RHA is
generally in an amorphous form with good properties. So, the amorphous silica can be obtained from
RHA by using thermochemical processes. Comparing with crystalline silica, amorphous silica has
interesting properties. In many chemical applications as absorbents, catalysts, and thermal insulators,
amorphous silica has a high interest because of its proprieties like small particle size with high specific
surface area [7-9]. Various synthetic methods of extracting nano-silica from RHA were used like
chemical precipitation, ion exchange, solvent extraction, and electrolysis deposition method. Y. Shen
[10] produced nano-silica from RHA by chemical method. They found the preparation conditions,
time, the temperature of combustion have controlled the nature of the produced nano-silica thus the
amorphous silica was formed at 550–800 °C and crystalline silica forms at temperatures higher than
this. Nittaya and thuadaij [11], prepared nano-silica by precipitation method and characterized by many
analytical techniques. They found that the obtained product was amorphous nano-silica and the specific
surface area was 656 m2g-1. Carmona et al. [12], extracted amorphous and white silica with both micro
and nanometric particles from rice husk using mild acid solutions. They conducted that the prepared
nano-silica was prepared by a precipitation process which was extracted from Iraq agriculture sources.
Then, it was noted that the purity of nano-silica is dependent on many factors such as type of raw
material, precipitation temperature, pretreatment steps, and the final purification process. All these
parameters determine the quality and quantitative of produced nano-silica. Therefore, the main
objective of the present investigation is to produce high purity nanosilica from agricultural wastes of
rice husk by developed chemical extraction techniques.

2. THE EXPERIMENTAL WORK
I. The raw materials
The obtained rice husk (RH) was from Al-Najaf province -Iraq. Table I shows the chemical
composition of rice husk (RH), it was obtained by carrying out extracted in the laboratory. Other
chemicals such as sodium hydroxide (NaOH), hydraulic acid (HCl), and sulfuric acid (H 2SO4) were
imported from Fluka Co.
TABLE I: The chemical composition of raw rice husk.
Main Constituent’s

wt%

Hemi cellulose
Cellulose
Lignin
Ash Silica
Metallic oxides

20.7
34.4
19.2
18.5
7.2 (MgO, NaO, CaO, Al2O3,K2O,)

II. Pre-treatment for rice husk (RH)
For removing the soluble particles and dust, the rice husk was washing repeatedly by using the
distilled water then dried by air at room temperature for 24 hrs. The pretreatment process was carried
out by soaking 30 g of the dried rice husk in one liter of 3N of HCl solution at 80 °C for 4 hrs. The
mixture was then subjected to refluxing in the same acid at room temperature for 12 hrs. RH was then
washed with deionized water and filtered many times to make it acid-free then dried in an oven at about
110 °C for 4 hrs, as shown in Figure 1-a, b, c.
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Figure 1: Agricultural Iraqi waste (Rice Husk) a) tuft of spikes b) RH without chemical treatment c)
RH with chemical treatment.

III. Calcination of rice husk (RH)
The pre-treatment rice husk (RH), was burned at 700 °C in a muffle furnace for 4 hrs at 10 °C/min,
for removing the carbonaceous materials after that left to cool down. The obtained rice husk ash (RHA)
becomes white color as shown in Figure 2.

Figure 2: The rice husk ash (RHA) as agricultural Iraqi waste.

IV. Preparation for nanosilica
Pure nano-silica was extracted by treating (20) g of RHA with 150 ml of (1.5, 2, 2.5, 3) N NaOH.
The samples were stirred via magnetic stirrer at a constant rate and heated in a covered beaker of 250
ml at 70 °C for 3 hrs, as shown in Figure 3. By using filter paper Whatman (No.41 ashless), the solution
of sodium silicate was filtered. So the obtained solution is (Na2SiO3) as revealed in the below Equation.
SiO2 + 2NaOH

➝

Na2SiO3 + H2O

(1)

(ash) (sodium hydroxide) (sodium silicate) (water)

Figure 3: Silica nanoparticle production process, preparation pure nanosilica.

The residue solution was carefully washed with (100 mL) of boiling water. After that, the solution
of sulphuric acid 5N H2SO4 was added to precipitate the solution of silicate as a white gelatinous solid
(SiO2) (by a gelation process).
Na2SiO3 + H2SO4 →
(sodium silicate) (sulphuric acid)

SiO2 +

Na2SO4 + H2O

(2)

(High Purity silica)
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The residue soft gel was aged for 4 hrs, after aging, the slurry was washed via using a vacuum
filtration pump. NH4OH was added to make the pH = 9. Then, it left at room temperature for 4 hrs. By
using filter paper Whatman (No.41 ashless), the solution was washed and filtered with 20 ml warm
deionized water many times to clear it of alkali and dry it at a temperature of 90 °C for 10 hrs inside
the oven. The obtained powder was refluxed with 6N HCl for 4 hrs and washed with deionized water,
after washing, 2.5N NaOH was added and stirred by magnetic stirrer and heated at 70 °C for 3 hrs
inside 250 ml covered beaker then 5N H2SO4 was added to obtain white nanoparticles with high purity
of (SiO2) after washing and filtering by Whatman (No.41 ashless). As shown in the flow chart in Figure
4, the precipitated nanosilica was washed repeatedly with warm deionized water until it becomes
completely alkali-free then filtered and the remainder was collected and dried at 110 °C for 12 hrs in
the oven furnace. The final product is nanosilica by precipitation method.

Figure 4: Flow chart for preparation of high purity silica and nanosilica by precipitation method.

2. THE RESULTS WITH DISCUSSION
I. XRF results
Purity for the prepared silica from rice husk was measured by X-ray fluorescence (XRF). Table II
illustrates the chemical analysis of prepared nano-silica which was prepared at 700 oC, it is noteworthy
that the choice of the temperature of the calcination at 700 oC was dependent on the previous studies
of research [8,11]. Therefore, it concluded that calcination at a temperature above 700 oC gives crystal
silica. On the other hand, the calcination at a temperature of less than 700 oC gives less purity for the
produced silica. Accordingly, the choice calcination temperature at 700 oC to give pure amorphous
silica. It was noted that the nano-silica purity reaches to 99.917 wt% from Iraq rice husk. To evaluate
the effect of NaOH concentration on nano-silica powder, XRF analysis is used for quantitatively
investigating the level of impurities in nano-silica (SiO2) and evaluating the purification effect at (1.5,
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2, 2.5, 3)N NaOH treatments. Table II shows XRF for nano-silica at the best extraction condition
obtained in this study (with pre-treatment of 3N HCl and calcination temperature at 700 oC for 4 hrs),
it shows the ratio of nano-silica and the major inorganic oxides such as CaO, Fe2O3, K2O, Cr2O3, and
MnO exist with the various amounts relying on the concentration of NaOH. The purity of extracted
nano-silica is affected by the presence of these oxides. The purity of nano-silica increases with
increasing the concentration of NaOH from 98.4% to 99.9% respectively. This result is an agreement
with researches [14-18].
TABLE II: XRF analysis of nanosilica composition at different concentrations of NaOH.
Components
%

Treatment with NaOH

SiO2
K2O

1.5 N
98.43
0.004

2N
99.318
0.001

2.5 N
99.753
0.003

3N
99.917
0.003

Fe2O3

0.704

0.207

0.142

0.018

CaO
Cr2O3
MnO
P2O5
Others

0.093
0.020
0.062
0.657
0.022

0.048
0.009
0.008
0.352
0.057

0.002
0.001
0.001
0.096
0.002

0.013
0.003
0.029
0.017

The relationship between the degree of purity for extraction nanosilica and NaOH concentration is
show in Figure 5. It indicates that within increase NaOH concentration, the purity increased.

Figure 5: The relationship shows the effect of NaOH concentration on purity nanosilica.

II. X-Ray Diffraction
To confirm the crystalline and amorphous nature of the produced powders, an X-ray diffraction
(XRD) test was achieved on the obtained silica at (1.5, 2, 2.5, and 3) N NaOH concentrations. Figure
6 shows the XRD patterns of as-prepared nanosilica powder in the range of 2θ = 0 - 60°. At 2θ = ~17
- 29°, a broad peak was noticed corresponding to amorphous silica depending on JCPDS-card # 96412-4080. The prepared nanosilica doesn't show any sharp peaks as a result of obtaining amorphous
silica without crystalline structure. Figure 6 shows spectrums with high smoothness, the smoothness
of the spectrum pointed out the high efficiency of impurities removal of acid leaching process from
RHA. Also, the acid leaching is attributed to the amorphous nature of nanosilica. With acid leaching,
however, the crystal form doesn’t show up even at temperatures higher than 700 oC and then returns
to remove some ions which were activated the crystallization of nanosilica. XRD analyses in Figure 6
reveal that changing the concentration of NaOH has affected the curves of nanosilica. From the figures
it can be noted, the obtained curves were completely amorphous and the degree of smoothness of the
curves was increased by raising the concentration of NaOH from 1.5N to 3N. This result is in total
agreement with the fact that NaOH solubilizes only amorphous silica.
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Figure 6: X-Ray diffraction XRD nanosilica at a) 1.5 NaOH, b) 2 NaOH, c) 2.5 NaOH, d) 3 NaOH.

III. Atomic force microscopy (AFM) and Particle Size of Nanosilica
The AFM analysis was applied to characterize the obtained silica nanoparticles' average diameter
at each concentration of NaOH from 1.5 to 3 N with the scanned area (2534*2534) nm for the samples
with high-resolution (416*416) pixel as shown in Figure 7. The morphology and diameter of the
extracted silica nanoparticles from agricultural Iraqi were affected by changing the concentration of
NaOH from 1.5 to 3 N through extracted SiO2 nanoparticles. According to AFM analysis, the diameters
of prepared silica nanoparticles (SiO2NPs) extracted at 1.5 N NaOH were in the range of (65–115 nm)
and the average diameter equal to 74.70 nm as shown in Figure 7-a, that show three-dimensional
surface images. It is confirmed that nano-silica particles are spherical. Also, at 2N concentration of
NaOH, the diameters of silica nanoparticles (SiO2NPs) were in the range of (20–120 nm) and the
average diameter of 78.25 nm, the 3D surface image of SiO2NPs extracted at 2N NaOH shows particles
have a spherical shape and bigger size than the particles obtained at 1.5 N NaOH, as shown in Figure
7-b. The AFM images of silica nanoparticles obtained at 2.5N NaOH display keeping the spherical
shape of particles with the increase in the size of particles in which the range of particle diameters is
(75–100 nm) and the average diameter is 79.76 nm as shown in Figure 7-c. The 3D surface image of
silica nanoparticles prepared at 3N NaOH appears the surfaces of silica nanoparticles have the valleys
and hills shape. Valley shapes are comparatively smooth, and the hill shapes have crystal-like
structures. The diameters of prepared nano-silica are in the range of (70 – 165) nm and the average
diameter equal to 88.93 nm, as shown in Figure 7-d.
In general, All these results reveal that increasing the concentration of NaOH led to a rise in the
size of the particles. On the other hand, the shape of particles can be changed from spherical which
was obtained at NaOH concentration led from 1.5 - 2.5N to crystal-like structures at 3N NaOH
concentration.
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Figure 7: AFM photograph of 2D and 3D of prepared nanosilica at different NaOH concentrations:
a) 1.5, b) 2, c) 2.5, and d) 3 N.

4. CONCLUSIONS
An amorphous SiO2NPs was successfully prepared from rice husk by chemically modified
precipitation technique. The chemical treatment processes were the main affective parameters for
producing high purity nano-silica (99.917 %). This study showed that with an increase in NaOH
concentration from 1.5 to 3 N, the purity of the extracted silica increased. Whereas, AFM results
showed that the increases in NaOH concentration will increase the size of the silica particles. Also,
with increasing the concentration of NaOH to higher than 2.5 N, the particle size will be increased
more than of nano-scale. This study showed that at 3N NaOH solution, amorphous silica nanoparticles
with the highest degree of purity were extracted from RH. The main particle size of the prepared nanosilica was 40-89 nm. From an engineering point of view, the modified production method is economic,
flexible non-complicated, and produced high-quality amorphous nano-silica. Then, the process could
be used for production on an industrial scale.
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