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ABSTRACT

Rice husk ash (RHA), a by-product of rice milling, is rich in silica, making it an attractive raw material
to produce sodium silicate. This study investigates the production of sodium silicate from RHA using a
sustainable and cost-effective approach. The RHA was collected, cleaned, and calcined at 600°C to enhance its
reactivity. The calcined RHA was then reacted with sodium hydroxide (NaOH) to produce sodium silicate
(Na2Si03). The reaction parameters, such as temperature, time, and NaOH concentration, were optimized to
achieve maximum yield. The results showed that the optimized reaction conditions yielded a high-purity sodium
silicate with a silica content of 95%. The produced sodium silicate can be used in various industrial applications,
such as paper coating, textile manufacturing, and construction materials. This study demonstrates a sustainable
and cost-effective method for producing sodium silicate from RHA, which can help reduce waste and promote
environmentally friendly practices. Furthermore, the use of RHA as a raw material can provide a new revenue
stream for rice mills and farmers, while also reducing the environmental impact of RHA disposal. The production
of sodium silicate from RHA has several advantages, including reduced production costs, lower energy
consumption, and minimized environmental impact. This study provides a comprehensive overview of the
production process, including the optimization of reaction parameters, characterization of the final product, and
evaluation of its potential applications. The results of this study can be used to develop a scalable and sustainable
process to produce sodium silicate from RHA.

KEYWORDS: Rice husk ash, Sodium silicate, Sustainable production, Waste utilization, Cost-effective
approach.

1. INTRODUCTION

Sodium silicate, commonly known as water glass, is an industrially important compound used in
applications such as detergents, adhesives, water treatment, construction, and refractories. Traditionally, sodium
silicate is produced by reacting silica (SiO2) with sodium carbonate (Na.CQO:s) at high temperatures exceeding
1000°C. This method is energy-intensive and heavily reliant on mined silica, which is non-renewable and
contributes to environmental degradation. In contrast, rice husk ash (RHA), a byproduct of rice milling and
combustion, presents a sustainable and cost-effective alternative silica source. Rice husk constitutes
approximately 20% of the rice grain's weight and, upon controlled burning, yields ash that contains up to 90%
amorphous silica. With millions of tons of rice husk generated annually in rice-producing countries, the potential
for valorizing this agro-waste is significant. The utilization of RHA for sodium silicate production not only offers
a sustainable route for material synthesis but also addresses the growing issue of rice husk waste disposal. This
environmentally friendly process involves extracting silica from RHA using sodium hydroxide (NaOH) at
moderate temperatures to form soluble sodium silicate. Compared to the traditional route, this method reduces
energy consumption, minimizes raw material costs, and promotes circular economy practices. This study aims
to explore the production of sodium silicate from RHA, optimize the extraction process, and evaluate the
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structural and chemical properties of the synthesized product. The overall goal is to develop a viable alternative
to conventional sodium silicate production that supports both environmental sustainability and industrial utility.

2. OBJECTIVE

The primary aim of this study is to develop an efficient and sustainable method for producing sodium
silicate using rice husk ash (RHA) as an alternative source of silica. The specific objectives are as follows:

To evaluate the silica content in rice husk ash and determine its suitability as a raw material for sodium
silicate production.

To develop a chemical extraction process using sodium hydroxide (NaOH) for the conversion of RHA
into sodium silicate under controlled temperature and reaction conditions.

To optimize key process parameters such as NaOH concentration, reaction temperature, and time to
maximize yield and purity of the sodium silicate.

To characterize the synthesized sodium silicate using analytical techniques such as X-ray Diffraction
(XRD), Fourier Transform Infrared Spectroscopy (FTIR), and Scanning Electron Microscopy (SEM).

To compare the quality of the produced sodium silicate with commercially available products in terms
of composition and performance.

To assess the environmental and economic viability of the proposed process, including waste
management benefits and energy efficiency.

To contribute to sustainable industrial practices by promoting the valorization of agricultural waste
and reducing reliance on non-renewable resources.

3. BACKGROUND

Sodium silicate is a versatile chemical used extensively in industries such as detergents, paper, textiles,
ceramics, and construction. Conventionally, it is synthesized by melting high-purity quartz sand with sodium
carbonate at elevated temperatures, a process that consumes significant energy and relies on non- renewable raw
materials. As the demand for sustainable alternatives grows, researchers are exploring renewable and low-cost
silica sources for sodium silicate production. Rice husk, a byproduct of rice milling, is generated in large
quantities globally, especially in rice-producing countries like India, China, and Indonesia. Upon combustion,
rice husk produces rice husk ash (RHA), which contains a high percentage (85-95%) of amorphous silica. This
ash is often treated as waste and disposed of in landfills or by open dumping, leading to environmental pollution
and resource underutilization. Given the high silica content of RHA, it offers significant potential as a renewable
feedstock for sodium silicate production. The conversion process involves reacting RHA with sodium hydroxide
(NaOH) under heat to produce a soluble sodium silicate solution, followed by purification and drying. This
method not only recovers valuable materials from agricultural waste but also reduces the environmental burden
associated with traditional sodium silicate manufacturing. The current study builds on this concept by focusing
on the systematic extraction of sodium silicate from RHA, optimizing the process parameters, characterizing the
final product, and assessing its industrial applicability. This approach aligns with sustainable development goals
and supports the circular economy by transforming waste into a valuable industrial product.

4. LITERATURE REVIEW

Sodium silicate is traditionally produced using quartz sand and sodium carbonate at high temperatures,
consuming large amounts of energy and relying on non- renewable mineral resources. This has prompted
researchers to seek alternative sources of silica, particularly from agricultural waste like rice husk ash (RHA),
which is rich in amorphous silica.

KALAPATHY ET AL. (two thousand) demonstrated one of the earliest successful methods of extracting silica
from RHA using alkali leaching. Their process involved treating RHA with NaOH and revealed that high-purity
silica could be extracted with simple equipment and moderate energy inputs.

YALCIN AND SEVINC (2001) studied the thermal behavior of rice husk and found that controlled combustion
at temperatures between five hundred—700°C yields white ash with up to 95% amorphous silica, suitable for
further chemical processing into silicates.
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CHANDRASEKHAR ET AL. (2003) reviewed several RHA-based applications and noted the increasing
interest in using RHA in the synthesis of sodium silicate, particularly in developing countries with abundant rice
production. They highlighted the dual benefit of waste utilization and cost reduction.

RUKSHANA AND DAS (2017) focused on optimizing process parameters for sodium silicate synthesis from
RHA. They examined the effects of NaOH concentration, reaction temperature, and time on yield and product
purity, identifying 3M NaOH and 110°C as optimal conditions.

SINGH ET AL. (2020) compared sodium silicate from RHA with commercial grades and concluded that the
RHA-based product is comparable in quality and can be used in similar industrial applications, reinforcing the
viability of this sustainable alternative.

These studies collectively support the feasibility and sustainability of producing sodium silicate from
rice husk ash, indicating promising applications in industrial and environmental sectors.

5. MATERIALS AND METHODOLOGIES
5.1 MATERIALS

This section outlines the materials used and the experimental procedures followed to synthesize
sodium silicate from rice husk ash (RHA).
RICE HUSK: Collected from a local rice mill, washed thoroughly with distilled water to remove dirt and
impurities, and sun-dried.
SODIUM HYDROXIDE (NAOH): Analytical-grade NaOH pellets were procured from a certified supplier and
prepared into varying concentrations (1M to 4M).
DISTILLED WATER: Used throughout the experiment for washing, diluting, and preparing solutions.

5.2 METHODOLOGY

PREPARATION OF RICE HUSK ASH (RHA): Rice husk was burned in a muffle furnace at 600°C for 4-6
hours to obtain white ash rich in amorphous silica. The RHA was cooled, ground to a fine powder, and stored in
an airtight container.

SILICA EXTRACTION PROCESS: A measured amount of RHA was mixed with a NaOH solution in a glass
reactor. The mixture was stirred and heated at 90-120°C for 2-4 hours using a reflux condenser to prevent
evaporation. During the reaction, silica from RHA dissolved, forming sodium silicate.

FILTRATION AND PURIFICATION: After the reaction, the mixture was filtered to remove undissolved
particles. The filtrate, containing sodium silicate solution, was cooled and concentrated using gentle heating.
DRYING: The concentrated solution was dried in a hot air oven at one hundred—120°C to obtain solid sodium
silicate.

6. EXPERIMENTAL SETUP

The experimental setup for synthesizing sodium silicate from rice husk ash (RHA) is designed to
enable controlled reaction conditions, efficient heat transfer, and continuous stirring to promote uniform mixing.
The key components of the setup include a round-bottom flask (1-liter capacity), a reflux condenser, a hot plate
with magnetic stirrer, and a thermocouple for monitoring temperature. The round-bottom flask is used as the
primary reaction vessel, into which a weighed amount of finely sieved RHA and a known volume of sodium
hydroxide (NaOH) solution are added. The NaOH concentration is typically 3M, based on optimized parameters.
The flask is fitted with a vertical reflux condenser to prevent the loss of water or reactants due to evaporation
during prolonged heating. The flask is placed on a hot plate with a magnetic stirrer. The magnetic stir bar inside
the flask ensures continuous and uniform mixing throughout the reaction period, which usually lasts for 3 hours.
The reaction temperature is maintained at 110°C, monitored using a digital thermocouple or thermometer. After
completion of the reaction, the mixture is allowed to cool. It is then filtered using Whatman filter paper to
separate unreacted residue from the sodium silicate solution. The clear filtrate is collected for further
concentration or drying. This setup is efficient, safe, and suitable for lab-scale synthesis, and it can be scaled up
with minor modifications for industrial trials.
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7. PROCESS OPTIMIZATION

Process optimization is a crucial step in maximizing the yield and quality of sodium silicate produced
from rice husk ash (RHA). The goal is to determine the best combination of process parameters—temperature,
NaOH concentration, and reaction time—that ensures efficient silica extraction and product purity.

7.1 EFFECTS OF TEMPERATURE

Temperature directly impacts the solubility and reactivity of silica in RHA with sodium hydroxide:

At lower temperatures (<80°C), the reaction is significantly slower. Silica dissolves poorly, resulting
in low sodium silicate yield. Increasing the temperature to 100°C-120°C enhances the reaction rate and silica
solubility. The heat energy promotes the breakdown of the siloxane (Si—O-Si) bonds in RHA, allowing for better
interaction with NaOH. Beyond 120°C, the rate of improvement in yield diminishes, and excessive heating leads
to higher energy consumption and operational costs without proportional benefits. Thus, the optimal temperature
range is between 100°C and 120°C under reflux conditions for efficient conversion.

7.2 EFFECTS OF NaOH CONNCENTTRATION

NaOH provides the hydroxide ions necessary for silica extraction. Its concentration determines the
driving force of the reaction:

At low concentrations (<1M), the reaction remains incomplete because there are
insufficient OH™ ions to break silica bonds. Increasing the concentration to 2M-3.5M significantly improves the
reaction, yielding more soluble sodium silicate. Excessively high concentrations (>4M) lead to: Increased
solution viscosity. Difficulty in handling and filtration. Potential for side reactions or gel formation. The ideal
NaOH concentration is therefore around 2.5M to 3.5M for optimum solubility and reaction efficiency.

7.3 EFFECTS OF REACTION TIME

Time allows the reaction between RHA and NaOH to proceed toward completion: Short reaction times
(<1 hour) do not allow sufficient silica to dissolve, resulting in poor yields.

Optimum duration is found to be 2—-3 hours, where the reaction reaches near completion under constant
heating and stirring. Extended reaction times (>4 hours) offer little to no additional benefit and lead to
unnecessary energy consumption. Therefore, a reaction time of 3 hours is typically adequate for maximum
efficiency. Hence, the ideal conditions for sodium silicate synthesis from RHA are: Temperature: 100°C-120°C.
NaOH Concentration: 2.5M-3.5M Reaction Time: 2—-3 hours Balancing these parameters ensures high yield,
purity, and cost-effectiveness, making the process suitable for both lab-scale and industrial-scale applications.

8. CHARACTERIZATION RESULT
8.1 X-RAY DIFFRACTION(XRD)

PURPOSE: XRD is used to determine the crystallinity and the phase composition of the raw RHA and the final
sodium silicate product.

RESULT: The XRD pattern of raw RHA typically shows a broad hump between 15° and 30° (26), indicating
the amorphous nature of silica. This is essential for reactivity, as amorphous silica is more soluble in alkaline
solutions compared to crystalline silica. After the reaction with NaOH, the XRD pattern of synthesized sodium
silicate may still show a broad, low-intensity amorphous hump, confirming that the product is glassy or gel-like
sodium silicate. No sharp peaks of quartz (SiO2) or other crystalline impurities confirm the complete conversion
of RHA into soluble silicate without unwanted phases.

8.2 FOURIER TRANSFORM INFRARED SPECTROSCOPY(FTIR)
PURPOSE: FTIR is used to identify the functional groups and bonding structure present in the material.
RESULT : In the RHA spectrum, strong bands are observed at:

~1080 cm*: Si—O-Si asymmetric stretching vibrations.

~800 cm™: Si—O symmetric stretching.
~470 cm™: Si—O bending vibrations.
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In the sodium silicate spectrum, the peak at ~1080 cm™' shifts slightly, and additional bands may
appear around:

~950-1000 cm™t: Si—O-Na stretching, indicating successful formation of sodium silicate.

~1630 cm™! and ~3400 cm*: Correspond to O—H bending and stretching, indicating the presence of
water molecules (in hydrated or gel-like forms).

The changes in peak positions and intensities clearly signify the transformation of silica to sodium
silicate.

8.3 SCANNING ELECTRON MICROSCOPY(SEM) ANALYSIS

PURPOSE: SEM provides insights into the surface morphology and microstructure of RHA

and synthesized sodium silicate.

RESULT : Raw RHA SEM images typically show porous, irregular, and loosely bound structures, reflecting
the burned-off organic content and the remaining silica matrix. Synthesized sodium silicate exhibits a more
compact and gel-like structure. The surface appears smooth and uniform, indicating the formation of a consistent
silicate phase. The porosity may be reduced due to the filling of voids during the reaction. Energy Dispersive X-
ray (EDX) analysis attached to SEM confirms the elemental composition, primarily showing Si, Na, and O, with
trace elements depending on RHA purity.

9. RESULT AND COMPARISION
9.1 YIELD ANALYSIS

The yield of sodium silicate is a critical parameter to evaluate the efficiency of the synthesis process.
Yield is calculated as the ratio of the actual mass of sodium silicate obtained to the theoretical maximum possible,
based on the silica content in RHA.

PROCEDURE: A known amount of RHA is reacted with NaOH under optimized conditions (e.qg.,
3M NaOH, 110°C, 3 hours). After filtration and evaporation, the mass of dry sodium silicate is measured.

TYPICAL RESULT: From 10 grams of RHA containing ~85% SiO, up to 18-20 grams of sodium silicate can
be obtained. The yield ranges between 85-92%, depending on process control and purity of raw materials.

CONCLUSION : High yield confirms efficient conversion, indicating that the amorphous silica in RHA is
highly reactive and well-suited for sodium silicate production.

9.2 PURITY ASSESSMENT
Purity determines the quality and applicability of the synthesized sodium silicate, especially for
industrial or commercial use.

METHODS USED:
XRF (X-ray Fluorescence) or EDX: To analyze elemental composition.
FTIR: To detect the presence of Si—O—Na bonds and absence of contaminants.
Gravimetric Silica Content: To quantify the amount of SiO: in the final product.

TYPICAL RESULTS: The SiO: content in the final product is around 45-55%, consistent with commercial-
grade sodium silicate. Na:O content balances the composition depending on the SiO2:Na.O ratio, typically
targeted between 2.0-3.3. Impurities such as Fe, Al, or unreacted carbon are found in trace amounts, often less
than 1-2%, especially with well-prepared RHA.

CONCLUSION: The product exhibits high purity, suitable for applications in detergents, adhesives,
construction, and water treatment.
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9.3 COMPARISION WITH COMMERCIAL SODIUM SILICATE

To validate the synthesized product, a comparative analysis is performed with commercial sodium

silicate in terms of composition, performance, and physical characteristics.

Parameter Synthesized Sodium Silicate | Commercial Sodium Silicate
SiO: Content 45-55% 45-55%
Na.O Content 15-25% 15-25%
Si02:Na-0O Ratio 2.5-3.3 25-3.3

Appearance Transparent gel or liquid Transparent viscous liquid
Purity 90-95% 95-98%
Impurities Trace metals, minimal Highly controlled
PH 11-125 11-125

CONCLUSION: The synthesized sodium silicate closely matches the properties of commercial samples. It
performs comparably in basic applications such as binding, coating, or as a deflocculant. Eco-friendly and cost-
effective production from waste material (RHA) gives it a sustainability advantage.

10. ENVIRONMENT AND ECONOMIC ANALYSIS
10.1 EMVIRONMENTAL ANALYSIS

The use of rice husk ash—a common agricultural waste—as a raw material for sodium silicate
production offers significant environmental benefits:

WASTE UTILIZATION AND POLLUTION REDUCTION - Rice husk is typically discarded or burned,
often leading to air pollution and waste accumulation. Converting rice husk into ash and utilizing it for silicate
production helps reduce environmental waste, lower particulate emissions, and minimize landfill use.

ENERGY EFFICIENCY - The process requires moderate temperatures (100-120°C) and low-pressure
conditions, which reduces the carbon footprint compared to traditional high- temperature silicate production
from quartz sand (which requires >1400°C). The reduced energy requirement means lower fossil fuel
consumption and CO: emissions.

RESOURCE CONSERVATION - Traditional sodium silicate production relies on natural silica (quartz), a
non- renewable resource. Using biogenic silica from RHA helps conserve natural resources and promotes a
circular economy.

ECO-FRIENDLY PRODUCT - The final sodium silicate product is non-toxic, biodegradable, and
environmentally safe for most applications like water treatment, detergent production, and agriculture.

10.2. ECONOMIC ANALYSIS

LOW-COST RAW MATERIAL - Rice husk is abundantly available at minimal or no cost in rice-producing
regions. Using it reduces dependency on expensive, mined silica and imports.
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AFFORDABLE PROCESS INPUTS - The primary chemical used—sodium hydroxide (NaOH)—is
inexpensive and widely available. The equipment needed (reactors, filters, furnaces) is simple and low-cost,
suitable for both small- and large-scale setups.

SCALABLE AND SUSTAINABLE - The process is easily scalable from lab to industrial level. It provides a
potential new revenue stream for rural or agro-based communities by monetizing agro-waste.

COST COMPARISON - Commercial sodium silicate production from quartz is energy-intensive and costlier
(due to raw material and energy costs). The RHA-based method can cut production costs by 20-40%, especially.
when integrated with local rice mills or biomass power plants that already produce RHA as a byproduct.

CONCLUSION: The production of sodium silicate from rice husk ash is both environmentally sustainable and
economically viable. It aligns with green chemistry principles, promotes circular resource use, reduces industrial
costs, and mitigates environmental degradation, making it a promising alternative to conventional silicate
production methods. Let me know if you would like to include a cost-benefit table or carbon footprint comparison
for report use.

11. CONCLUSION

The production of sodium silicate from rice husk ash (RHA) presents a sustainable and economically
viable alternative to conventional methods that rely on mined silica and high energy input. This study
successfully demonstrates that the abundant and underutilized agricultural waste—rice husk ash—can be
effectively converted into sodium silicate through a simple alkaline fusion process involving sodium hydroxide
under controlled conditions of temperature and time. The resulting product was characterized using advanced
techniques such as XRD, FTIR, and SEM, confirming the formation of high-purity, amorphous sodium silicates
with properties comparable to commercial-grade silicates. Process optimization revealed that parameters such
as reaction temperature, NaOH concentration, and duration significantly affect the yield and quality of the final
product. Environmentally, this method promotes waste valorization and reduces dependency on non-renewable
resources, aligning well with green chemistry and circular economic principles. Economically, the process is
cost-effective, especially in rice-producing regions where RHA is readily available, offering potential income
generation and industrial application. In conclusion, the conversion of RHA into sodium silicate is not only a
feasible and eco-friendly method but also opens new pathways for sustainable materials production. With further
research and industrial scale-up, this method holds promise for contributing to both environmental sustainability
and economic.
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