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Abstract: This study investigates the feasibility of refining elemental silicon from sand (Si0:) at a small laboratory scale using relatively
simple chemical methods. The process involves (i) purification of sand using hydrochloric acid to remove impurities, (ii) conversion of
silica to sodium silicate using sodium hydroxide, (iii) precipitation of silica gel via acid neutralization, and (iv) magnesiothermic (thermite-
type) reduction to obtain elemental silicon. Approximately 23 g of silicon was obtained, corresponding to ~47% yield relative to the
theoretical maximum, with an estimated purity of 90-95%. Although the product does not reach electronic-grade purity, the experiment
demonstrates the fundamental chemical principles underlying silicon extraction and provides an accessible educational model for

understanding the transformation from sand to silicon.
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1. Introduction

Silicon (Si) is one of the most important materials in modern
technology due to its semiconductor properties, abundance,
and ability to form high-quality crystalline structures. It forms
the backbone of integrated circuits, transistors, solar cells, and
microelectronic devices. Beyond electronics, silicon plays a
key role in photovoltaic energy systems, sensors for medical
diagnostics, automotive safety, and environmental
monitoring [1].

Elemental silicon is rarely found in nature and primarily
occurs as silicon dioxide (SiO:) in sand and quartz. Industrial
production relies on carbothermic or metallothermic
reduction at temperatures often exceeding 2000 °C, followed
by advanced purification techniques such as the Siemens
process to achieve ultra-high purity [2,3]. These methods
require specialized furnaces and infrastructure, making them
impractical for small-scale or educational laboratories.

The present work aims to adapt the core chemistry of silicon
extraction to a simplified home-laboratory setup. While
electronic-grade purity is not achievable, the objective is to
demonstrate the key chemical transformations involved in
converting sand into elemental silicon in a safe, low-cost, and
educational manner.

2. Literature Review

Early large-scale silicon production employed carbothermic
reduction of quartz with carbon in electric arc furnaces,
yielding metallurgical-grade silicon containing significant
impurities [4]. To achieve the purity required for
semiconductor applications, the Siemens process was
developed, converting silicon into volatile chlorosilanes and
subsequently depositing ultra-pure crystalline silicon with
purities exceeding 99.9999% [2].

Sze and Ng [3] emphasize that such extreme purity is essential
for precise control of charge carriers in semiconductor
devices. Alternative lower-temperature approaches, such as
magnesiothermic reduction, have been explored by Zhao et al.

[5], demonstrating silica reduction at 650-900 °C to produce
porous or nanoscale silicon suitable for laboratory-scale
synthesis.

Educational chemistry literature highlights the importance of
simplified experimental procedures that demonstrate
fundamental chemical principles without the need for
industrial infrastructure [6,7]. These approaches focus on
conceptual understanding rather than industrial efficiency.

Research Gap Statement

While industrial methods achieve extreme purity through
complex and energy-intensive processes, there is limited
literature  on  structured, small-scale  experimental
demonstrations of silicon extraction suitable for student
laboratories. This project bridges that gap by adapting
industrial concepts into a simplified experimental workflow.

3. Project Overview and Scope

This project demonstrates a small-scale procedure for
producing elemental silicon from 100 g of sand through three
main stages:

1) Conversion of SiO: to sodium silicate using NaOH.

2) Precipitation of silica gel using hydrochloric acid.

3) Magnesiothermic reduction of SiO: to elemental silicon.

The aim is to achieve >90% purity silicon for educational
demonstration. Electronic-grade silicon production is
explicitly beyond the scope of this study.

4. Methodology

4.1 Experimental Design

The methodology was designed to replicate the fundamental
chemical stages of industrial silicon extraction: purification,
chemical conversion, and reduction using simplified
procedures suitable for a small-scale laboratory environment.
Emphasis was placed on using readily available reagents,
minimizing specialized equipment, and maintaining
procedural safety while preserving the core reaction pathways
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involved in silicon refinement. Each experimental step was
performed sequentially to maximize silica purity prior to
reduction, allowing for meaningful evaluation of yield and
product quality under non-industrial conditions.

4.2 Materials

e Sand (Si0O2): 100 g

e Sodium hydroxide (NaOH pellets): 60 g

e Hydrochloric acid (HCI, 35-38%): 270 mL + additional
dilute HC1

e Magnesium powder (fine): 85 g

e Distilled water: ~2 L

e Heat source: Camp fire

o Safety equipment: goggles,
workspace

gloves, well-ventilated

4.3 Equipment

e Conical flask and reaction flasks
e Biichner funnel with filter paper
e Vacuum aspirator

e Glass stirring rods

e Clay—graphite crucible

4.4 Experimental Procedure

Step 1: Conversion of Sand to Sodium Silicate
Purified quartz sand was fused with solid sodium hydroxide
at 800-900 °C to form sodium silicate.

Reaction:

SiO,(s) + 2NaOH(s) — Na,SiO;(s) + H,0(q)

The fused mass was cooled, dissolved in distilled water, and
filtered to obtain an aqueous sodium silicate solution.

Step 2: Precipitation of Silica Gel

Hydrochloric acid was slowly added to the sodium silicate
solution under stirring, resulting in the formation of hydrated
silica gel.

Reaction:

Na,SiO;(aq) + 2HCl(aq) — SiO,'nH,0(s) + 2NaCl(aq)
The gel was washed, dried, and calcined at 200-300 °C to
obtain purified SiO..

Step 3: Magnesiothermic Reduction
Calcined silica was mixed with magnesium powder in a
stoichiometric excess and ignited in a clay—graphite crucible.

Reaction:

SiO,(s) + 2Mg(s) — Si(s) + 2MgO(s)

The reaction produced elemental silicon along with MgO and
minor Mg:Si by-products.

Step 4: Purification of Silicon

The cooled reaction mass was treated with dilute HCI to
dissolve MgO and residual magnesium. The remaining solid
was washed with deionized water, filtered, and dried to obtain
powdered silicon.

5. Observations

The experimental observations were recorded qualitatively at

each major stage of the silicon extraction process, with

particular attention to physical changes, reaction behavior,

and visual indicators of successful chemical transformation.

These observations helped verify the progression of reactions

during purification, silica formation, magnesiothermic

reduction, and final product isolation.

e Acid washing of sand produced effervescence, indicating
removal of carbonate impurities.

o Sodium silicate solution appeared clear and viscous.

e Addition of HCI resulted in a white, gelatinous silica
precipitate.

e Magnesiothermic reduction produced a bright flash and
intense heat.

o Final silicon powder appeared dark gray with a slight
metallic luster.

6. Yield and Purity

Theoretical silicon yield from 105g of SiO. was
approximately 49 g. The actual yield obtained was ~23 g,
corresponding to ~47% yield. Losses are attributed to
incomplete reaction, filtration losses, and by-product
formation. Purity was estimated at 90-95% based on visual
inspection and limited chemical reactivity; trace MgO and
silicides likely remain.

7. Discussion

The results demonstrate the feasibility of producing elemental
silicon in a small-scale laboratory environment. Although
yield and purity are significantly lower than industrial
standards, the experiment successfully illustrates the core
chemical transformations involved in silicon refinement. The
observed limitations highlight the challenges of reaction
control, heat management, and purification at non-industrial
scales.

In addition to yield limitations, the experiment highlights the
sensitivity of the magnesiothermic reduction process to
reactant mixing, temperature control, and stoichiometric
balance. Excess magnesium, while useful in ensuring
complete reduction of silica, also promotes the formation of
by-products such as magnesium silicide (Mg:Si), which
complicates post-reaction purification and contributes to
material loss during acid leaching. Heat dissipation and
localized overheating during ignition further reduce effective
silicon recovery by promoting sintering and partial oxidation.
These factors collectively illustrate the challenges of
controlling highly exothermic reactions in non-industrial
environments.

Furthermore, the estimation of silicon purity relied on
qualitative indicators such as appearance, acid resistance, and
reaction by-product behavior rather than advanced analytical
techniques like X-ray diffraction (XRD) or inductively
coupled plasma spectroscopy (ICP). While such methods
were beyond the scope of this study, their absence introduces
uncertainty in purity estimation and highlights a key
limitation of home-laboratory experimentation. Nonetheless,
the observed consistency with literature-reported yields for
similar small-scale magnesiothermic processes supports the
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validity of the experimental approach and reinforces its value
as a conceptual and educational demonstration of silicon
refinement chemistry.

8. Conclusion and Future Scope

This study confirms that silicon can be refined from sand
using simplified laboratory techniques suitable for
educational purposes. Future work may involve improved
temperature control, purer reagents, and repeated acid-
leaching cycles to enhance yield and purity. While the method
remains far from industrial-grade processes, it serves as an
effective educational demonstration of silicon chemistry.
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