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RECYCLING & REUSE

A Sustainable Future for High-Performance

Refractory Materials

Key Factors in Recycling Refractory Materials and
Reusing Recycled Metals for Industrial Applications

Refractory metals—such as Tungsten,
Molybdenum, Tantalum, and Niobium—
are known for their remarkable strength,
heat resistance, and ability to perform in
extreme environments. These properties
make them indispensable in high-tech
industries, including aerospace, defense,
electronics, and energy.

Due to the increasing global demand for
these critical materials and the challenges
involved in mining and extraction,
refractory metal recycling is becoming an
essential strategy for sustainability.
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PART 1

Environmental and Economic Benefits of
Metal Recycling

As global awareness of environmental issues grows, industries focus on reducing the environmental
impact associated with mining and raw material extraction, which is energy-intensive and
ecologically disruptive for refractory metals.

What'’s the Impact?

Refractory metal recycling reduces the environmental footprint associated with mining and
processing virgin materials, conserving natural resources and decreasing greenhouse gas emissions,
reducing the need for new mining operations and related energy consumption. For example,
according to research from the International Tungsten Industry Association (ITIA), recycling
Tungsten consumes 75% less energy than producing it from virgin ore. This makes recycling not only
an environmentally friendly option but also an economically viable solution for industries that rely
heavily on these metals.

Economically, geopolitical concerns and supply chain vulnerabilities have heightened the urgency to
recycle critical refractory materials. In high-tech industries, where these metals are crucial, recycling
helps ensure a steady supply and reduces dependency on volatile global markets for raw materials
by enhancing supply chain security. Many of these metals are sourced from regions with geopolitical
instability, creating supply vulnerabilities. Recycling provides a more stable and secure supply of
these critical materials, helping industries mitigate risks associated with global market fluctuations
and political uncertainties.

Key Sources of Recyclable Refractory Metals

Refractory metals commonly found in high-tech products and industrial waste streams offer
abundant opportunities for recycling. Some of the primary sources include:

Aerospace and Defense Scrap: Aircraft engines, turbine blades, and missile components
often contain Tungsten, Rhenium, and Molybdenum alloys that can be recycled once
decommissioned.

Industrial Tooling: Tungsten carbide, used in cutting tools and drilling equipment, represents a
significant source of scrap material for refinement and reuse.

Electronics: Tantalum is widely used in capacitors for mobile phones, computers, and
other electronics, and these devices are a growing source of recyclable materials.
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Metals Industry: Leading Edge Metals & Alloys, our partners, and others contribute to refractory
metal recycling and reuse of remnants and scraps.

How We Contribute Directly to Metal
Recycling and Reuse

In sourcing, supplying, machining, and delivering exotic and refractory metals, we accumulate small
pieces of scrap that we reuse or recycle. Repurposing or reusing remnants is even more sustainable
than refractory metal recycling.

For the remnants and scraps we cannot repurpose, we have big bins that we sell to recyclers each
month. We can't directly recycle the end products, but we can do our part, ensuring every tiny piece
is used or reused by customers or recycled, working with industry partners like Tungco and SA

Recycling.

This is an important part of our vision to be the ultimate global resource for applications that
require high-quality exotic and refractory materials, parts, and assemblies in industries that are
working to foster a cleaner, safer, and more sustainable planet.

The Metal Recycling Process

Refractory metal recycling typically involves a few key steps.

1. Collection and sorting of scrap materials by type and composition

2. Extracting the valuable metals from the waste through chemical processing, for example:
a. Hydrometallurgy (using water)
b. Pyrometallurgy (using fire)
c. High-temperature plasma arc recycling (melting)

3. Resale to manufacturers for reprocessing into new products

It's not as easy as it sounds.

Challenges and Progress

The metal recycling practice in the refractory and exotic category is growing but remains less
common than the recycling of more abundant metals like steel, aluminum, or copper. While it
offers numerous environmental and economic benefits, there are certain challenges and potential
drawbacks that can make the process complex or, in some cases, less favorable. Here are a few
reasons why refractory metal recycling might present difficulties:
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1. Technical Complexity: Refractory metals often come in the form of high-performance
alloys, which makes separating and purifying them from complex mixtures difficult.
Processes for metal recycling (like those listed above) can require advanced and
expensive technologies, and the complexity of some alloys can make it hard to ensure
that recycled metals meet the strict quality standards required.

2. High Energy Input: While recycling generally uses less energy than mining, in
some cases, metal recycling —particularly when dealing with mixed scrap or heavily
contaminated materials— can still require significant energy input. Processes like
melting or refining at high temperatures may undermine some energy savings
expected from recycling.

3. Contamination and Quality Concerns: Metals recycled from scrap can contain
impurities or contaminants that degrade their performance. In high-stakes industries
like aerospace or nuclear power, using recycled metals that don't meet exact
specifications can pose safety and reliability risks. Maintaining the purity of metals like
Tantalum or Tungsten throughout the recycling process can be difficult, potentially
limiting their reuse for critical applications.

4. Economic Viability: For some refractory materials, the cost of recycling can outweigh
the benefits, especially when global market prices for virgin materials are low.
Recycling involves not only the processing costs but also the infrastructure and
technology investments required to ensure quality control. When newly mined metals
are readily available at competitive prices, metal recycling may only be economically
viable with subsidies or strong market demand for sustainably sourced materials.

5. Limited Availability of Scrap: In some cases, the availability of scrap materials for
recycling is insufficient to meet demand. This is especially true for rare refractory
metals like rhenium, used in small quantities or embedded in complex systems.
Gathering and processing enough scrap to make recycling profitable can be a
challenge.

Advanced technologies for scrap sorting and metal extraction are continuously emerging to improve
efficiency and output. Public and private sector collaboration is vital to expanding recycling efforts.
Industry partnerships, government incentives, and consumer awareness can all contribute to the
growth of recycling programs for these critical metals.

Examples of Refractory and Exotic Metal Recycling

Tungsten recycling is becoming more established, particularly in industries like tool manufacturing,
where scrap carbide and worn-out cutting tools are prime candidates for relatively efficient recovery
and recycling. According to the International Tungsten Industry Association (ITIA), around 30-40%
of tungsten comes from recycled sources globally, making it one of the more commonly recycled
refractory metals.

Refractory metals like Molybdenum and Tantalum (frequently used in electronics and capacitors)
are also candidates. Still, the processes are more complex, and as a result, the overall recycling rates
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are lower. In industries like aerospace and defense, where refractory metals are common in high-
performance alloys and complex systems, recycling practices are less prevalent due to the difficulty
of separating metals from intricate components and ensuring the purity required for reuse.

Recycled refractory metals are well worth the effort in many cases, especially when environmental
sustainability, energy efficiency, and cost savings are prioritized. However, in applications where
purity and material consistency are critical, the challenges of metal recycling may limit their use.
As technology and processes improve, the advantages of recycling these valuable metals will likely
grow, making it an increasingly important part of the materials supply chain across industries.

PART 2

Documentation & Traceability in the Metal
Recycling Process

Materials like refractory and exotic metals, whether raw, alloyed, or recycled, must adhere to the
strictest standards. That means that if we are to facilitate and/or use recycled materials, we must
innovate and remain vigilant about documentation and transparency in the metal recycling process.

A combination of regulatory standards, industry best practices, and corporate sustainability goals
shapes documentation and transparency requirements for sourcing and using recycled refractory
metals. These requirements ensure responsible sourcing, strict quality standards, and environmental
and ethical regulation compliance. Here are the key aspects of the requirements in the metal
recycling process:

Traceability and Certification

Manufacturers and suppliers often must provide comprehensive documentation tracing the origin
of the recycled refractory metals. This includes the entire lifecycle of the material, from collection
as scrap to its reprocessing and final reuse. Documentation in the metal recycling process typically
includes:

Certificates of Origin: Proof of where the scrap or recycled metal was sourced.

Material Composition Reports: Detailing the chemical and physical properties of the recycled
metals, ensuring that they meet the required specifications for high-performance applications.

Recycling Process Documentation: Evidence of the processes for recycling the metals,
including details on the methods (e.g., hydrometallurgy, pyrometallurgy) and any treatment it
underwent.
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Compliance with Environmental Regulations

Recycled metals must comply with environmental laws and regulations that govern waste
management, emissions, and resource extraction as essential aspects of the metal recycling process.
For example, the European Union's Waste Framework Directive and similar policies in other regions
require companies to document their processes for recycling metals, including how they accomplish
it and how much waste or emissions the process generates.

Conflict-Free Sourcing in the Metals Recycling Process

Companies must verify and document that the recycled materials are not sourced from conflict
regions where mining could fund armed groups. Under regulations like the U.S. Dodd-Frank Act or
the EU’'s Conflict Minerals Regulation, companies must provide due diligence reports confirming
that their recycled metals are conflict-free.

Third-Party Audits and Certifications

To ensure transparency, many industries now require third-party certification of practices, both
for sourcing recycled metals and for the metal recycling process. For instance, organizations like
the Responsible Minerals Initiative (RMI) and ISO 14001 provide frameworks for certifying that
recycled materials are sourced and processed in environmentally responsible and ethical ways.
These certifications often require companies to undergo regular audits to verify compliance with
sustainability and sourcing standards.

Corporate Sustainability Reporting

Many companies, particularly in the aerospace, defense, and electronics sectors, are also required
or expected to disclose their use of recycled materials as part of their Environmental, Social, and
Governance (ESQG) reporting. This includes detailed information on the percentage of recycled
content in their products, the environmental impact of sourcing and recycling, and efforts to meet
circular economy goals. Companies often use this transparency to meet investor expectations and
consumer demand for more sustainable products.

Supply Chain Transparency

Supply chain transparency requirements involve documenting every step of the metal’s journey
from recycling facilities to its incorporation into new products. Companies increasingly use
blockchain technology and digital ledgers to track and provide real-time data on materials
throughout the metal recycling process and as they move through the supply chain. This ensures
that all stakeholders can verify the integrity and authenticity of the recycled material.
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Attention to Detail in the Metal Recycling Process

Attention to detail in the metal recycling process is well worth the effort, especially when
environmental sustainability, energy efficiency, and cost savings are a priority for suppliers
and end users. However, in applications where purity and material consistency are critical,
the challenges of metal recycling may limit their use. As technology and processes improve,
the advantages of recycling these valuable metals will make this an increasingly important
part of the materials supply chain across industries.

PART 3
Recycling Metals for Top Industry Uses

High-tech industries, from aerospace and defense to energy, medical, and electronics,
demand impeccable precision, performance, durability, and process excellence in the
materials they use. There is also increasing demand for sustainability through recycling
metals after use and/or using recycled materials in new ways. There are pros and cons to
recycling metals for use in high-tech products.

Recycling metals can:

Reduce the environmental footprint of mining and processing virgin materials
Conserve natural resources
Decrease greenhouse gas emissions

Reduce the need for new mining operations and related energy consumption

However, there are also several challenges to using recycled refractory materials in certain
industries. We'll review where recycling metals for use in advanced applications works and
where it should never be considered.

Recycling Metals for Use in Advanced Applications

The best use for recycled refractory metals is in high-performance industrial applications
where their unique properties, such as high-temperature resistance, corrosion resistance,
and mechanical strength, are critical. Some of the most effective and common applications
in which recycling metals instead of sourcing new material works include:
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Aerospace and Defense Components:

Recycling metals like Tungsten, Molybdenum, and Rhenium can be a viable strategy for
use in components for jet engines, rocket nozzles, turbine blades, and missile systems.

A&D Industry

Cutting Tools and Industrial Machinery:

Tungsten carbide, derived from recycled tungsten, is widely used in manufacturing
cutting tools, drills, and heavy machinery in industries such as mining, construction, and
metalworking. These tools require the hardness and durability that Tungsten provides.
Tungsten

Electronics and Capacitors:

Tantalum, recycled from electronics waste, is essential in producing capacitors and high-
performance electronic components used in mobile phones, computers, medical devices,
and other consumer electronics. Recycling metals like Tantalum helps address supply
chain concerns. Tantalum

Recycling Metals for the Energy Sector:

Recycling metals like Molybdenum and Tungsten is common for use in non-nuclear energy
production, including components for power plants and renewable energy systems.
Energy Industry

Medical Devices:

Tungsten and Tantalum, often recycled from industrial sources, are found in medical
applications such as radiation shielding in imaging equipment and components for
surgical tools and implants. Their biocompatibility makes them ideal for critical healthcare
technologies.

Recycling Metals for Use in Superalloys:

Superalloys successfully leverage the opportunities in recycling metals like Molybdenum,
Tungsten, or Rhenium for applications requiring high strength and resistance to extreme
conditions, such as gas turbines, power plants, and chemical processing equipment.
Molybdenum
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Where Recycling Metals is a No-Go

Despite the general benefits of recycling metals, they're just not suitable for some applications
where extreme purity and specific material properties are essential or where contamination could
pose significant risks. Here are a few examples:

Nuclear Reactor Components:

Material purity and consistency ensure safety and performance in nuclear reactors,
particularly in core components such as fuel rods, control rods, and structural supports.
Even trace contaminants in recycled metals could affect the integrity, durability, or neutron
absorption characteristics, potentially leading to failures or compromising reactor safety. In
such cases, virgin metals are best to ensure precise material specifications.

Semiconductors and Microelectronics:

While recycled Tantalum can be used in capacitors, it doesn’t usually meet the stringent
purity standards for applications requiring ultra-pure materials, such as semiconductors,
microelectronics, and other precision electronics. The presence of any impurities in these
high-tech components can lead to electrical failure, reduced efficiency, or performance
degradation. Recycling metals is not advised for these applications.

Aerospace and Defense Components with Critical Safety Standards:

In certain aerospace and defense applications where extreme precision and reliability
are paramount—such as in spacecraft, hypersonic vehicles, or highly sensitive military
equipment—any risk of impurity or inconsistency in the material could be unacceptable.
Recycling metals for these applications might not meet the ultra-high safety and
performance standards for mission-critical systems.

Recycling Metals for Medical Implants:

While refractory metals like Tantalum and Tungsten are sometimes used in medical
devices, implants inside the human body require purity and biocompatibility. Recycled
metals could contain contaminants or impurities and cause adverse reactions or reduce
the longevity of the implant. Virgin materials are generally preferred over recycling metals
in these sensitive applications to ensure safety and long-term durability.

High-Precision Scientific Equipment and Recycling Metals:

Any material impurities could interfere with the accuracy and performance of high-
precision scientific instruments, especially those used in particle accelerators, optical
systems, or advanced measurement devices. Recycling metals may not provide the
consistency needed for these exacting applications.
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The Bottom Line on Recycling Metals for
Industry Applications

Recycling metals can be well worth the effort in many applications, especially when environmental
sustainability, energy efficiency, and cost savings are a priority for suppliers and end users. However,
in applications where purity and material consistency are critical, the challenges of metal recycling
may limit their use. As technology and processes improve, the advantages of recycling these

valuable metals will make this an increasingly important part of the materials supply chain across
industries.

The Easiest Thing is to Talk
to Our Pros

Contact us to discuss specialty, refractory, and exotic metals, or
request a quote to cut right to the chase. Sign up to receive our
monthly newsletter, and join the conversation on Linkedin.

We compiled this information and developed this article
meticulously under the watchful eye of our Chief Metallurgist, Bob
Desberg. Except for our Chief Morale Officer Bonzo, who had no paw
in this article, we are human. If you see anything missing or incorrect,
please advise us and we’ll be sure to update or correct it!
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