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SUMMARY

® Molten salt is a chemical medium that has been used in the refining of metals such as aluminum, lithium,
and rare earths since the industrialization of the 19th century. In the 21st century, room-temperature molten
salts have been developed, leading to new application areas.

® Molten salt is an easy-to-handle chemical medium that does not require special equipment or advanced
techniques, and it can dissolve a wide range of substances. It is also gaining attention as a novel approach
for waste treatment because it enables electrolysis of all elements except noble gases.

® As governments in regions such as Europe, the US, and Japan promote decarbonization policies that are
driving industrial transformation, the high functionality of molten salt is being reevaluated. Companies are
emerging to apply it in fields such as upcycling, ironmaking, and high-level radioactive waste treatment,
and develop businesses that further expand its industrial use.

1. MOLTEN SALT: OLD AND NEW

Molten salt is a chemical medium that has long been used in industry. It came to be used as the electrolysis
solvent during the electrolytic refining of aluminum invented in 1886. Large-scale use then began after World
War Il. It was used extensively in wartime metal production, notably for the mass production of aluminum as a
lightweight aircraft material. The postwar economic recovery further accelerated large-scale use of molten salt,
leading to its employment primarily in the chemical and mining sectors for electrolytic refining not only of
aluminum but also magnesium, manganese, lithium, and rare earths, as well as for producing fluorine gas. The
versatility and high performance of molten salt are now being rediscovered, and new industrial uses are being
explored.

This report provides an overview of molten salt and presents examples of novel applications.

1-1. WHAT IS MOLTEN SALT?

Molten salt is, quite literally, a liquid formed by melting salt. The most familiar example of salt in daily life is table
salt (sodium chloride). In chemistry, a salt is a compound composed of positively charged cations (+) and
negatively charged anions (-). In the case of table salt, it consists of sodium ions (+) and chloride ions (-) bonded
together to form a solid. When this solid is heated above its melting point of 801°C, it melts into a transparent
liquid (Figure 1). This is what is known as molten salt. In addition to sodium chloride, other examples of molten
salts include carbonates and nitrates.



Mitsui & Co. Global Strategic Studies Institute Monthly Report August 2025

Figure 1: Main applications and properties of molten salt
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Source: Wikipedia“Molten salt” https:/ja.wikipedia.org/wiki/%E6%BA%BE%EB%IE%BD%ES%A1%A9

1-2. CHARACTERISTICS AND KEY POINTS OF MOLTEN SALTS
Molten salt has several key characteristics:
(1) Itis a chemically stable medium that can be handled at atmospheric pressure (1 atm).

(2) It remains stable as a liquid at high temperatures and can dissolve a wide range of substances
(i.e., it has high solubility).

(3) It has high thermal and ionic conductivity.
(4) Itis highly resistant to radiation and does not degrade under high levels of exposure.
(5) It does not require special equipment or expertise, making it cost-effective.

These properties have brought molten salt back into the spotlight in the 2020s. Its key feature is its rare ability
to enable electrolysis of virtually all elements except noble gases (such as helium and argon). To recycle and
reuse mass-produced metal products and chemical materials such as plastics, there is growing recognition that,
depending on the conditions, combining molten salt with electrolysis in dissolution and electrolysis processing
may be an ideal method alongside conventional physical (destruction and disassembly) and chemical
treatments. Development companies focusing on molten salt have emerged in Japan, Europe, and the US, and
are now actively working toward new industrial applications and societal implementation.

2. NEW INDUSTRIAL APPLICATIONS OF MOLTEN SALT

This section presents new industrial applications of molten salt through three examples: (1) upcycling
technology, (2) ironmaking technology, and (3) high-level radioactive waste treatment technology.

2-1. UPCYCLING TECHNOLOGY (SOLID ALUMINUM ELECTROLYSIS METHOD)

The first example is upcycling technology. Upcycling refers to a form of recycling in which waste materials
are processed in a way that increases their value compared to the original product. In aluminum recycling, scrap
aluminum is typically melted down and converted into aluminum alloy. However, it is difficult to prevent
contamination by other elements such as iron, copper, or silicon, resulting in downcycling. To address this, the
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recycling industry is collaborating with academia and government to develop upcycling technologies that can
improve the purity of recycled aluminum and enhance resource circulation.!

One team taking on this challenge is a research group at Tohoku University. Although still in the basic research
stage, they have developed a “solid aluminum electrolysis method” that can upcycle scrap aluminum into
aluminum with a purity of 99.9 percent.?

The solid aluminum electrolysis method breaks from the conventional assumption that scrap must first be
melted before it can be recycled. Instead, it adopts a process in which collected aluminum scrap is directly used
as the anode (positive electrode) and immersed in molten salt for electrolysis. In this method, only aluminum
atoms are separated from the scrap anode and transferred to the cathode (negative electrode), where they
accumulate. This allows for the recovery of pure aluminum without the need for additional processing steps.
Experiments have confirmed that other elements contained in the scrap, such as silicon and copper, either
remain in the scrap itself or settle just below the anode (Figure 2).

Figure 2: Solid aluminum electrolysis method
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Source: Nature 606, 511-512 (13 April 2022)

This solid aluminum electrolysis method is gaining attention as an upcycling technology based on a simple
process using molten salt.

2-2. IRONMAKING TECHNOLOGY (MOLTEN SALT ELECTROLYSIS HYDROGEN
REDUCTION METHOD)

The next example is the application of molten salt to ironmaking. In Europe and Japan, research and
demonstration projects are underway on technologies that separate iron oxide using hydrogen. Two approaches
exist: (1) the hydrogen direct reduction method, in which hydrogen is generated in advance and injected

I “Current Status and Challenges of Japan’s Aluminum Industry,” Circular Economy Committee of the Japan Aluminium
Association (March 7, 2025), Central Environment Council Subcommittee on Waste Management Systems, Ministry of the
Environment https://www.env.go.jp/council/content/03recycle06/000297020.pdf

2 School of Engineering, Tohoku University, “A solid-state electrolysis process for upcycling aluminum scrap” (April 26, 2022)
https://www.eng.tohoku.ac.jp/news/detail-,-id,2180.html



directly into a blast furnace?, and (2) the molten salt electrolysis hydrogen reduction method, in which iron
oxide is melted in molten salt and then subjected to electrolysis by blowing in steam (H20). This report focuses
on the molten salt electrolysis hydrogen reduction method and provides an overview.

The molten salt electrolysis hydrogen reduction method was developed by Professor Emeritus Yasuhiko
Ito of Kyoto University. Its distinguishing feature is that water is electrolyzed within molten salt. When water
undergoes electrolysis inside molten salt, Hz (radical hydrogen) with strong reducing power is generated. This
reacts vigorously with the iron oxide in the molten salt furnace, separating oxygen and enabling the extraction
of iron (Figure 3).

Figure 3: Molten salt electrolysis hydrogen reduction method
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Source: Molten-Salt Steel Co.,Ltd https://www.moltensaltsteel.com/technology/

The iron reduction efficiency of the molten salt electrolysis hydrogen reduction method (the efficiency of
removing oxygen from iron oxide) is 85%. Considering that the reduction efficiency of the hydrogen direct
reduction method mentioned earlier is only about 12%, the technological advantage of the molten salt method
is significant.

At present, Molten Salt Steel (Japan) is engaged in business activities aimed at applying this method to the
steelmaking process in collaboration with PMSEP (Japan).

2-3. MOLTEN SALT FURNACES AND HIGH-LEVEL RADIOACTIVE WASTE TREATMENT

The final example is the application of molten salt to high-level radioactive waste treatment. High-level
radioactive waste contains transuranic elements known as long-lived nuclides, with half-lives exceeding 10,000
years*. To lessen the burden passed on to future generations, technologies are needed to (1) reduce the volume
of hazardous waste and (2) decrease the radiotoxicity of long-lived nuclides. The technology that converts long-

3 The hydrogen direct reduction method is being demonstrated at a pilot plant operated by ArcelorMittal in Hamburg, Germany.
https://corporate.arcelormittal.com/media/cases-studies/hydrogen-based-steelmaking-to-begin-in-hamburg

Transuranic elements are artificial elements heavier than uranium (U, atomic number 92), which is the heaviest element found in
nature. These include neptunium (Np, atomic number 93), americium (Am, atomic number 95), and curium (Cm, atomic number
96).
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lived nuclides into short-lived ones is called partitioning and transmutation, and research and development
is underway worldwide.

Among partitioning and transmutation technologies, one promising approach is the use of molten salt
reactors to shorten the half-lives of long-lived nuclides. A molten salt reactor is a nuclear reactor that dissolves
nuclear fuel into a liquid state and induces fission inside the reactor to generate power. Development toward
commercialization of these is currently underway. The advantage of molten salt reactors is that they use
molten salt at atmospheric pressure together with liquid nuclear fuel, which makes it possible to add or replace
fuel during operation (by contrast, conventional light-water reactors are pressurized, and fuel exchange cannot
be performed while in operation). Leveraging this characteristic, research is being conducted on a molten salt
nuclear transmutation treatment system that would use a molten salt reactor not for power generation but
for the specialized treatment of high-level radioactive waste (Figure 4).

Figure 4: Molten salt nuclear transmutation treatment system
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Source: Japan Atomic Energy Research Institute https://atomica.jaea.go.jp/data/fig/fig_pict_07-02-01-03-06.html

To carry out the transmutation of long-lived nuclides using a molten salt reactor, the reactor is first filled only
with molten salt, into which high-level radioactive waste is dissolved. This mixture is circulated within the reactor
while being irradiated with protons’ that do not trigger nuclear reactions. Protons can break down large atoms
such as transuranic elements into smaller atoms, making their partitioning and transmutation possible. The
Japanese nuclear industry is often criticized as being like “an apartment without a toilet,” and the use of molten
salt reactors is considered one possible option for nuclear waste treatment.

3. CHALLENGES AND FUTURE PROSPECTS FOR MOLTEN SALT UTILIZATION

As new industrial applications of molten salt continue to be explored, the greatest challenge lies in the shortage
of engineers. Aluminum electrolytic refining, which forms the foundation of molten salt technology, declined
rapidly after the 1970s, leaving few industrial personnel capable of handling molten salt. From the perspective
of economic security as well, the growing importance of rare metal and rare earth resource recovery means that
the availability of molten salt engineers will directly affect the production and recycling of non-ferrous metals,

5 High-level radioactive waste also contains fissile nuclides, so protons are used instead of neutrons, which induce nuclear reactions.
9’ ¢l
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necessitating immediate action. Although few in number, companies engaged in molten salt development do
exist (Figure 5), and cultivating the next generation of industrial personnel is becoming increasingly important.

Figure 5: Companies engaging in molten salt technologies

Company (Location) Overview of Technology

I’'MSEP Co.. Ltd The only company in Japan developing technologies based on expertise in
o : molten salt electrochemical processes. Includes the molten salt electrolysis
(Kyotanabe, Kyoto Prefecture) hydrogen reduction method.
Molten-Salt Steel Co., Ltd Aims to industrialize a new ironmaking process based on the molten salt
(Minato-ku, Tokyo) electrolysis hydrogen reduction method. Collaborating with 'MSEP.
iEIectronte CO., Ltd. A Kansai University Spl!‘l-off that !1as ploneered“.corrlm_erc!al use of non-
. flammable, non-expanding batteries known as “ionic liquid (room-
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Boston Metal Experimenting with green steel production using molten oxide electrolysis
(Boston, US) (MOE).
Ambri Developing and manufacturing liquid metal batteries (a type of molten salt
(Boston, US) battery using calcium chloride electrolyte and antimony electrodes).
Core Power Ltd Developing, manufacturing, and operating marine nuclear power systems
: and floating molten salt reactors.
(London! UK) Backed by Japanese shipbuilders, trading companies, etc.

Source: Compiled by MGSSI based on various materials

The industrial use of molten salt is steadily advancing. China is making progress in the development of molten
salt reactors using thorium,® one type of nuclear fuel, and has successfully added nuclear fuel during reactor
operation. This is a good example of the potential of molten salts in dissolving and reusing various substances.
With its origins in aluminum refining, molten salt has continued to evolve as a traditional industrial technology
through ongoing innovation. Today, it stands at the forefront of efforts to promote industrial transformation
through new application development. Although often regarded as an old technology, molten salt is now being
re-evaluated. By fully harnessing its functionality, Japan could take the lead in realizing a sustainable industrial
society that fully circulates domestic resources.

¢ Thorium (Th, atomic number 90) is currently discarded as residue during rare earth refining, but China and India are aiming to

recycle it as a nuclear fuel.
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