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SILICA EXTRACTION FROM RICE HUSK: A REVIEW ON THE EFFECT OF COMBUSTION TEMPERATURE

Combustion significantly contributes to pollution, releasing harmful pollutants that can have detrimental effects on environ-
mental and human health. Rice husk (RH), a by-product of rice milling, makes up about 20-22% of the weight of harvested rice.
It primarily consists of cellulose, hemicellulose, lignin, and a significant amount of silica. Traditionally seen as agricultural waste
and often burned or discarded, rice husks have recently gained attention for their potential in industrial applications, especially for
extracting silica. This review studies the effect of the chemical composition and properties of rice husks, focusing on the combustion
used to obtain high-purity silica. It reviews how the combustion temperature, heating rate, and cooling rate influence the purity and
phase of silica, highlighting the delicate balance required to produce either highly reactive amorphous silica or crystalline forms
of silica. Additionally, will discuss the applications of both amorphous and crystalline silica across various industries, including
construction, electronics, and agriculture, showing the sustainability and economic benefits of utilising rice husk-derived silica. By
optimising the combustion process, we can improve the quality and functionality of the extracted silica, thus contributing to waste

reduction and environmental sustainability.
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1. Introduction

Rice husk (RH), also known as a byproduct of rice milling,
is the protective outer layer of rice grains [1,2]. It is made up of
harvested rice and is produced in large quantities, especially in
countries like Malaysia, India, and Southeast Asia. Rice husk
consists mainly of cellulose, hemicellulose, lignin, and a signifi-
cant amount of silica, which accounts for about 20-22% of its
weight [3,4]. This high silica content makes rice husk valuable
for various industrial uses, particularly for extracting silica and
silicon. However, due to the low density of rice husks, it will be
difficult for disposal and transportation, raising environmental
concerns if not managed properly [5]. In general, rice husk ash
has a density of about 180-200 kg/m?®, which is evident by its
high porosity, lightweight, and fine nature [6].

In the past, rice husks were often considered agricultural
waste and were either burned or discarded, contributing to air
pollution and environmental harm. Nowadays, with an increasing
focus on sustainability and technological advances, rice husks are
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Fig. 1. Problems caused by rice husk

being put to better use. They are used as biofuel, in the production
of building materials, and as a source for high-value products like
activated carbon and silica nanoparticles [7]. The silica extracted
from rice husks is especially valuable for making high-quality
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silicon, which is essential in electronics, solar energy, and ce-
ramics. By finding innovative ways to use rice husks, we can
reduce waste, minimize environmental impact, and add value to
this previously underutilized resource. Furthermore, using rice
husks as a raw material for silica production not only reduces
agricultural waste but also avoids the environmental damage
caused by sand mining. Additionally, adopting organic acids like
citric acid for the leaching process offers a greener alternative
to traditional strong acids, further lowering the environmental
footprint of silica production.

The combustion process of rice husk is undertaken primar-
ily to extract silica [8]. It is a valuable material with numerous
industrial applications. During combustion, the organic compo-
nents of the rice husk are burned away, leaving behind a residue
rich in silica, which is also known as rice husk ash (RHA). This
process not only facilitates the isolation of silica but also helps
in reducing the volume of agricultural waste. The outcome of
the combustion process is largely dependent on the temperature
at which it is carried out [9]. RHA produced by combustion at
various temperatures, displays different colours. At lower tem-
peratures, the combustion may be incomplete, resulting in black
ash with lower silica content and higher carbon residues. Higher
temperatures make combustion more efficient, resulting in grey
or white ash as shown in Fig. 2 with high-purity amorphous

silica, which is valuable for many industrial applications [10].
Therefore, controlling the combustion temperature is crucial to
review so that we can optimize the quality and characteristics
of the silica extracted from rice husk.

2. Composition of silica in rice husk

Rice husk-derived silica possesses a distinctive blend of
high purity, amorphous structure, and excellent adsorption prop-
erties, making it a significant and sustainable resource in various
sectors. There is a significant amount of variation in the chemical
composition of rice husk, which is the protective outer layer of
rice grains, depending on the country of origin [11]. There are
several factors that contribute to this difference, including the
composition of the soil, climate, agricultural practices, and the
types of rice [12]. Silica (SiO,) is the most abundant component
of rice husk, but it also contains some other minerals, including
alumina (Al,03), sodium oxide (Na,0), calcium oxide (CaO),
potassium oxide (K,0), iron oxide (Fe,O3), magnesium oxide
(MgO), and sulphur trioxide (SO53).

From Fig. 3, it is clearly shown that rice husks from na-
tions such as India, Japan, Brazil, and Malaysia often have high
quantities of silica, frequently surpassing 90 percent [13]. This

Fig. 2. (a) Greyish rice husk ash; (b) White rice husk ash
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high silica concentration is advantageous for the production of
high-purity rice husk ash (RHA), which is utilised extensively
in a variety of industries such as ceramics and construction.
On the other hand, rice husk from countries such as Vietnam may
have a slightly lower silica content, but it may include higher
levels of potassium oxide (K,0) and calcium oxide (CaO). In this
case, the ash is suitable for uses that require greater alkaline quali-
ties, such as fertilisers and soil conditioners, because it contains
more oxides, which contribute to the ash’s compatibility for these
applications [14-16].

Silica is commonly found in raw rice husk (RH) and rice
husk ash (RHA) that has various significant characteristics. The
silica is primarily amorphous, which increases its reactivity and
makes it highly desirable for industrial applications like rubber
industry as a reinforcing filler to enhance its mechanical proper-
ties. Other than that, it also can apply in construction materials as
a pozzolanic material in cement and concrete. Besides that, rice
husk ash exhibits notable attributes such as a substantial surface
area and porosity, enabling it to efficiently absorb chemicals and
enhance material characteristics. Furthermore, the silica content
in both RH and RHA is typically high, frequently exceeding
90% which offers a pure and consistent supply of silica [17].
These properties of rice husk-derived silica through Energy
Dispersive X-ray Spectroscopy (EDS) analysis, which helps
identify the elemental composition of the material [18,19]. As
temperatures keep on increasing around 800-850°C, the silica
can start to crystallize, forming cristobalite or tridymite phases,
which may reduce its reactivity and usefulness for certain ap-
plications [20,21].

3. Combustion process

The method of rice husk combustion was designed to ef-
ficiently eliminate unwanted impurities and produce high-purity
silica [17]. During the combustion process, the minerals content
present in the rice husk is burned at controlled temperatures,
usually ranging from 600°C to 1000°C based on previous study
shown in Table 1 to ensure full oxidation [22-26]. This procedure
converts the rice husk into rice husk ash (RHA), which is pri-
marily composed of amorphous silica. By precisely controlling
the combustion temperature, the presence of impurities such as
carbon residues and other metal oxides (including Al.Os, Na-O,
Ca0, K20, Fe203, MgO, and SO:s) is significantly reduced or even
completely eliminated thus determined by X-ray fluorescence
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(XRF). The high-purity silica product is known for its exceptional
reactivity and suitability for a wide range of industrial applica-
tions. The process of purifying silica through combustion not
only enhances its purity but also optimizes its commercial value
and functionality.

During the combustion of rice husk to extract high-purity
silica, several factors such as heating temperature, heating rate,
and cooling rate have significant influences [27]. This tempera-
ture range guarantees the full oxidation of organic components
while maintaining the silica content. Based on TABLE 1, the
heating rate typically ranging from 1°C/min to 20°C/min, plays
an important role in determining the thermal degradation of rice
husk. Controlling the rate of heating and gradually increasing
the temperature can minimize the sticking together of silica
particles and preserve their structural integrity. Next, the rate at
which the temperature decreases are equally significant. Typi-
cally, it is advisable to employ a gradual cooling rate, such as
2°C/min to 20°C/min, to prevent thermal shocks that may lead
to structural flaws or impurities in the silica.

Past study from TABLE 1 clearly shows that the temperature
at which combustion occurs is very important in the process of
converting rice husk into silica. At combustion temperatures of
600-800°C, the resultant ash maintains a black ash. The dark
colour signifies the existence of remaining carbon and other
contaminants in the rice husk ash. Although there is some partial
oxidation happening at these temperatures, it is not enough to
entirely remove all undesired components [28]. However, when
the temperature of combustion increases to 1000°C, a notable
shift takes place. At this high temperature, the rice husk ash un-
dergoes a colour change to white ash, indicating that the carbon
and other impurities have been nearly eliminated. The presence
of white ash signifies the effective elimination of almost all
impurities, resulting in the presence of highly pure silica [29].
This highlights the need to attain and sustain elevated combus-
tion temperatures to guarantee the creation of uncontaminated,
responsive silica that is appropriate for diverse industrial uses.
The change from black to white ash demonstrates the efficacy
of elevated temperatures in refining rice husk ash and improving
its quality and marketability.

Other than that, these studies also highlighted the impor-
tance of the heating and cooling rates in the combustion process
of'rice husk to produce high-purity silica. One key finding is that
the most suitable heating rate is 5°C/min. This specific rate
strikes a balance that allows for the complete combustion of the
rice husk, ensuring the transformation into high-purity silica.

TABLE 1
Comparison of past studies about the combustion temperature, heating rate, and cooling rate of rice husk
Authors Parameters
Temperature (°C) Heating rate (°C/min) Cooling rate (°C/min)
Hirose Carlsen & Saito, 2024 650-1100 20 0-20
Fernandes et al., 2024 800 10 Slowly till room temperature

Daulay et al., 2021 600-1000 1 —
Grimm et al., 2021 600 1 2

Ma et al., 2023 600-800 10 20
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If the heating rate is too fast, the rice husk does not have sufficient
time to undergo full combustion, resulting in incomplete oxida-
tion and lower-purity silica. On the other hand, if the heating
rate is too slow, the process becomes inefficient, significantly
extending the time required to achieve the desired outcome.
Similarly, the cooling rate is also significant in preserving the
quality of the silica produced. Research has found that a cooling
rate of 2°C/min is most suitable. Cooling down too quickly can
lead to thermal shocks, which might damage the ash structure
and adversely affect the purity of the silica. A gradual cooling
rate of 2°C/min helps maintain the structural integrity of the ash,
ensuring that the final silica product is of high purity and free
from structural flaws.

3.1. Temperature range
3.1.1. Low-temperature range

Low-temperature combustion, occurring between
500-700°C, tends to produce high-purity, amorphous silica
[30]. This process effectively removes organic matter without
significantly crystallizing the silica. One major advantage of
maintaining the amorphous structure is its high reactivity, which
is beneficial for many industrial applications. However, a draw-
back is that incomplete combustion may leave some carbon
residues, potentially affecting the final product’s purity. Addi-
tionally, the rice husk ash produced is often pink in colour [31].

3.2.2. Medium-temperature range

When conducting medium-temperature combustion be-
tween 700-900°C, the silica content and purity are significantly
influenced by the combustion process. As the temperature rises,
more organic matter is completely burned off, leading to higher-
purity silica. At these temperatures, the silica structure remains
predominantly amorphous [30]. One advantage of this method
is that it strikes a balance between achieving efficient combus-
tion and preserving the amorphous structure of silica. However,
a disadvantage is that the risk of forming crystalline phases be-
gins to increase slightly as the temperature approaches the higher
end of this range. In this range, the rice husk ash will be at grey
in colour because there are still some impurities inside it [31].

3.1.3. High-temperature range

Next, high-temperature combustion ranging from 900 to
1000°C, significantly impacts the silica content and purity in ma-
terials like rice husk ash. At these elevated temperatures, silica
transitions from an amorphous form to crystalline structures,
specifically forming cristobalite or tridymite phases [32]. This
transformation has its advantages, such as the near-complete
removal of organic matter and other impurities, resulting in a pure

white rice husk ash [31]. However, this crystallization process
also has its drawbacks, as it reduces the reactivity of silica, limit-
ing its applicability in certain industrial processes.

4. Application

The combustion temperature of rice husk significantly influ-
ences the phase of silica produced. When rice husk is combusted
at temperatures low range and medium range, the silica obtained
is predominantly in an amorphous form [33]. This is because the
lower temperatures prevent the crystallization process, allowing
the silica to retain a disordered and non-crystalline structure.
Conversely, when the combustion temperature gets higher in the
high-temperature range, the silica tends to become crystalline
and often in the form of cristobalite or tridymite [32]. This trans-
formation occurs due to the higher energy environment, which
provides the necessary conditions for the silica atoms to arrange
into a more ordered, crystalline lattice. The intermediate high-
temperature range can result in a mixture of both amorphous
and crystalline phases, depending on the specific conditions and
duration of the combustion process.

The amorphous silica is characterized by its high surface
area and reactivity has a wide range of industrial applications.
In the area of material science, it is commonly used as a filler
in rubber and plastic composites to enhance strength and du-
rability. Its high reactivity also makes it an excellent additive
in cement and concrete [34], thus improving the mechanical
properties and durability of the concrete. Additionally, amor-
phous silica is utilized in the production of high-performance
ceramics and refractory materials due to its ability to withstand
high temperatures and thermal shocks. In the agricultural sector,
it serves as a beneficial soil amendment, improving soil structure
and plant health. Thus, amorphous silica can be applied across
a wide range of industries and applications.

On the other hand, crystalline silica with its well-defined
structure is extensively used in the manufacturing of glass and
ceramics [35], where it provides clarity and strength. Its high
thermal stability makes it ideal for use in the production of re-
fractory bricks and moulds used in metal casting. Furthermore,
crystalline silica is a key component in the electronics industry,
where it is used to produce silicon wafers for semiconductors
and solar panels [36]. Despite its versatile applications, the
handling of crystalline silica requires caution due to its potential
health risks, such as silicosis, when inhaled as fine dust [37].
Therefore, appropriate safety measures are essential during its
processing and use. Thus, both amorphous and crystalline silica
each have distinct value and specialized applications across
various industries.

5. Conclusion

Rice husk (RH) and its derivative, rice husk ash (RHA),
offer significant value due to their high silica content, which



constitutes about 20-22% of the husk’s weight. The effective
utilization of rice husks, which were previously considered
agricultural waste, addresses both environmental and economic
concerns. The combustion process of rice husks, aimed at extract-
ing silica, is crucial for transforming this agricultural waste into
a high-value resource. The efficiency of this process is highly
dependent on the combustion temperature. At lower temperatures
(500-700°C), the combustion may result in incomplete oxidation,
producing black ash with residual carbon. However, as the tem-
perature increases (700-900°C), more organic matter is oxidized,
resulting in grey ash with higher purity silica. At temperatures
above 900°C, the silica begins to undergo complete combus-
tion, and the impurities are eliminated and produce white ash.
Other than that, the chemical composition of rice husk varies
depending on its country of origin, influenced by factors such as
soil composition, climate, and agricultural practices. This vari-
ation affects the quality and suitability of the silica for different
industrial applications.

In conclusion, the controlled combustion of rice husks to
extract silica not only reduces agricultural waste and minimizes
environmental impact but also produces a valuable material with
wide-ranging industrial applications. The ability to produce both
amorphous and crystalline silica, depending on the combustion
conditions, further enhances the versatility and economic poten-
tial of rice husk-derived silica. By optimizing the combustion
process, high-purity silica which can meet the specific needs of
various industries, contributing to sustainability and the efficient
use of agricultural by-products can be produced.
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