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New Photovoltaic Silicon Refining
Technology

Overview
Review of silicon recovery in the photovoltaic industryRecycling holds the potential to
enhance economic value and reduce the overall environmental impacts.

Key Takeaways
Emerging silicon refining technologies focus on energy-efficient purification, kerf
recycling, and innovative chemical and metallurgical processes to produce high-
purity solar-grade silicon.

Advanced Purification Methods

Traditional silicon purification relies on high-temperature thermochemical processes
such as vacuum refining, slag refining, solvent refining, and gas-phase treatments to
remove metallic and non-metallic impurities like boron, phosphorus, and carbon
residues. Recent innovations integrate kinetic modeling of impurity removal with
engineered sorbents or solvent metals, enabling solar-grade purity with lower energy
input and reduced chemical waste. Techniques such as magnesium alloying followed
by acid leaching have been shown to reduce phosphorus impurities from tens of parts
per million to sub-ppm levels, improving the quality of metallurgical-grade silicon for
photovoltaic use (Nature Index).

Silicon Kerf and Waste Recycling
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Silicon kerf, a by-product of wafer slicing, accounts for up to 40% of silicon losses.
New approaches use thermogravimetric analysis to optimize carbon removal through
controlled thermal and oxidative treatments, allowing kerf waste to be recycled into
high-purity silicon feedstock. Projects like ICARUS are developing industrial pilot
technologies to recover silicon from kerf, graphite, and silica waste.

Recovered silicon can be processed into cold granules or hot granules, or converted
into green hydrogen, silicate, and silica via low-cost chemical reactions with sodium
hydroxide under controlled conditions (SINTEF). Industrial Pilot and Sustainable
ProcessesICARUS also explores carbothermic reduction of quartz using recycled
graphite and silica waste to produce metallurgical-grade silicon, which is then refined
to solar-grade. This approach reduces reliance on primary raw materials and
enhances sustainability.

Other emerging technologies focus on reducing energy consumption during ingot
slicing, producing thin, high-precision wafers, and minimizing optical and electrical
losses in cells (MDPI). Integration with Advanced PV Cell TechnologiesRefined silicon
is increasingly used in n-type wafers, silicon heterojunction (SHJ) cells, tunnel-oxide
passivated contact (TOPCon) cells, and interdigitated back contact (IBC) cells, which
offer higher efficiencies and longer lifetimes. These advancements are coupled with
half-cut, third-cut, bifacial, and shingled cell designs, as well as gallium doping to
replace boron, further improving performance and sustainability (DOE, MDPI).

Summary

New photovoltaic silicon refining technologies emphasize: Energy-efficient impurity
removal using chemical and metallurgical innovations. Recycling of silicon kerf and
industrial waste into high-purity feedstock. Sustainable industrial processes that
reduce raw material consumption and environmental impact.

Integration with advanced PV cell designs to maximize efficiency and module
longevity. These technologies collectively aim to lower costs, enhance sustainability,
and support the rapid expansion of solar energy worldwide.

Article Content

Review of silicon recovery in the photovoltaic industry

Recycling holds the potential to enhance economic value and reduce the overall
environmental impacts associated with the lifecycle of silicon photovoltaics. This
article offers a comprehensive overview of

Silicon Refinement and Recycling Techniques in Photovoltaic ...

The graph below shows the total number of articles in silicon refinement and
recycling techniques in photovoltaic applications across all publications each year
(not limited to Nature Index...
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Silicon Refinement and Recycling Techniques in Photovoltaic ...

Uncover the latest and most impactful research in Silicon Refinement and Recycling
Techniques in Photovoltaic Applications. Explore pioneering discoveries, insightful
ideas and new

Advance of Sustainable Energy Materials: Technology

In the 1980s and 1990s, the technology for manufacturing silicon-based photovoltaic
cells (PV cells) underwent significant changes that increased

Dual-side electrical refinement enables efficient industrial tunnel ...

Tunnel oxide passivating contact silicon solar cells are a promising next-generation
photovoltaic technology.

Advancing Sustainability in Solar-Grade Silicon Production: Enhanced ...

The four rounds of Si refining are designated to ensure that concentrations of B and P
have fallen to the accepted limits of the photovoltaic applications (only a few hundred
ppb).

Silicon Extraction from Recycled Solar Cells

Discover techniques for efficiently extracting silicon from recycled solar panels,
promoting sustainability and resource recovery in the renewable energy sector.

Eco‐Efficient Processing and Refining Routes for Secondary Raw ...

In the ICARUS project, European partners collaborate to develop and scale innovative
technologies for recovering and refining secondary raw materials from silicon
photovoltaic (PV)

Advancements in Photovoltaic Cell Materials: Silicon, Organic, and ...

Abstract The evolution of photovoltaic cells is intrinsically linked to advancements in
the materials from which they are fabricated. This review paper provides an in-depth
analysis of the latest developments

Recent progress in silicon photovoltaic module recycling processes

The rapid deployment of solar photovoltaic (PV) technology around the world brings
the ineluctable problem of disposing of and recycling decommissioned solar
photovoltaic modules.

Comprehensive recycling and utilization of photovoltaic waste: Use ...

The increasing amount of PV waste has caused serious environmental pollution and
waste of resources , , ; it has become a new major hazard. Therefore, critical
technologies for
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The Importance of New “Sand-to-Silicon” Processes for the Rapid

The fiscal cost of Si refining translates into extremely small profit margins,
eliminating any incentive for new domestic manufacturers of crystalline, solar-grade
Si. (13,23,25) Even existing

A Review of End-of-Life Silicon Solar Photovoltaic Modules and the ...

Abstract The mass deployment of solar energy technology has been inspired by
sustainable energy objectives. However, end-of-life solar photovoltaic modules
present the growing

Silicon Refinement and Recycling Techniques in Photovoltaic ...

Find the latest research papers and news in Silicon Refinement and Recycling
Techniques in Photovoltaic Applications. Read stories and opinions from top
researchers in our research

A comprehensive review on the recycling technology of silicon based ...

The review article extensively analyzes the global policies implemented by different
countries to address the e-waste associated with photovoltaic (PV) panels.
Additionally, it discusses

Review of silicon recovery in the photovoltaic industry

The photovoltaic industry is developing rapidly to support the net-zero energy
transition. Among various photovoltaic tech-nologies, silicon-based technology is the
most advanced, commanding a

Reshoring silicon photovoltaics manufacturing contributes to ...

Reshoring silicon photovoltaic manufacturing back to the U.S. improves domestic
competitiveness, advances decarbonization goals, and contributes to mitigating
climate change.

Review of Silicon Recovery in the Photovoltaic Industry

Our aim of this work is to present a review of solar photovoltaic (PV) systems and
technologies. The principle of functioning of a PV system and its major components
are first discussed.
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Contact Us

Continue your research online:

Website: https://artduferoger.fr
Technical inquiry: https://artduferoger.fr/contact.html

This document is for preliminary research. Verify specifications against current
standards, product documentation and project requirements.
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