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MXenes are produced through a sustainable approach of green 
electrochemical etching, offering an eco-friendly and efficient 
manufacturing process

completely green, toxic free procedure

cheap, easy setup, sustainable

pure, high-quality product and by-products
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Exploring the benefits of MXenes reveals not only their economic 
advantages, but also their significant positive impact on the 
environment

Economy

lower production costs / simplified regulation

decreased infrastructure costs

Environmental impact

less hazardous waste  / promotion of green chemistry

enhanced worker and environmental safety

sustainability – by-product reuse
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Green Synthesis

MXenes are 2D materials that offer a huge potential via their outstanding

properties making them a viable material for applications in energy

storage, friction reduction, catalysis and medicine. But the current

production technology based on toxic HF etching of MAX-Phases

presents a safety and environmental risk.

We succeeded in synthesising MXenes in an entirely environmentally

friendly manner, using non-toxic substances [1]. This method is

expected to give better yield, similar to the example of another 2D

material, reduced graphene nanosheets [2].

MXenes production is a smart investment, with a staggering 23.7 %

annual growth rate in Europe, showcasing their booming applications

and market potential.
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Benefits

Business Potential
huge 2D material global market 

2.44 B € (2023) → 3.13 B € (2030)

raising MXenes global market

119 M € in 2027

reducing production costs ~20 % with green method

use of recycled titanium & aluminium

recycling by-products: AlF3 and NaF

to initial MAX phase production 

daily use product - toothpaste

production of high quality tuned green MXenes that is used in a 
variety of industrial applications (e.g., NH2-Mxenes 1 g = 2000 € )

collaborate with companies which already use 2D materials to 
expand their market

Figure 2. European 2D Materials market

76 M € (2022)

518 M € (2031)

Wider impact of Green MXenes

Figure 3. Business steps towards sustainable production  
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Figure 1. Setup and workflow: Electrochemical etching of Ti3AlC2  [1] 
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MXenes open up a fascinating spectrum of possibilities, paving the way 
for innovative solutions in a wide range of fields.
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Green MXenes Production

Ti3AlC2

MAX phase MXene

Reduced overall MXene production costs

~20 % using green synthesis method

Use of recycled Ti and Al

Recycling of useful by-products: 

AlF3 and NaF

Exploring the benefits of MXenes highlights not 
only their economic advantages, but also positive 
impact on safety & environment

Enhanced passenger safety via reliability

Economic Benefits

Low production costs & simplified regulation

Reduced infrastructure investment

Reduced lifecycle maintenance costs

Environmental Benefits

Reduced hazardous waste generation & 
promotion of green chemistry

Improved worker and environmental safety

Sustainable reuse of by-product

Benefits

[1]

Eco-Friendly Solid Lubrication

Layered MXene structure enables smooth sliding

Up to 4x lower friction compared to steel

Alternative to MoS₂-based solid lubrication

Green MXenes

Steel

[2]
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NaBF4 / HCl

Safety & Reliability

Reduced failure risk of critical components

Environmental benefits

Elimination of hazardous liquid lubricants

Reduced waste generation

Key Advantages
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European 2D Materials market

76 M €  (2022)

518 M €  (2031)

7-fold increase!

The importance of 2D materials is rapidly 
increasing across advanced technology sectors.

MXenes Layered Structure

[3]
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Europe’s 2D materials market is booming

SDGs

Critical bearings, actuators, and gears

Aerospace: high-reliability, safety-critical systems

Space: maintenance-free mechanisms for satellites
and exploration

Aerospace bearings

USD 12 B (2023) → USD 22 B (2032);

Space-grade bearings

USD 673 M → USD 1.3 B (2033)

Exceeding NASA Benchmarks!

Chemical engineering for superior performance

World record in MXenes solid lubrication

>100,000 cycles in solid lubrication tests

Superior material protection & reliability

Solid lubrication delivering consistently low friction Number of cycles
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Green MXenes

Eco-engineered 

MXenes

In aviation, technical failures account for nearly 20% of accidents, affecting safety and operational costs, while failures such as the Kepler space telescope

reaction wheel highlight the high cost of component malfunction in space systems.

Aircraft and satellites rely on mechanical components that must operate reliably under extreme conditions, including vibration, temperature extremes,

vacuum, and long maintenance-free lifetimes. Solid lubrication is critical to reduce wear and ensure smooth performance.

MXenes are a highly promising next-generation solid lubricant, offering sustainable, high-performance solutions for aerospace and space applications.

Motivation

2026-2027

Submission international patent application

Tribological testing under simulated space
conditions

Upscale coating process toward industrial
implementation

2027-2028

Integration into space-qualified bearings and
actuators

Long-term collaboration with aerospace 
partners for potential flight demonstration

Plan roadmap toward commercialization and
certification

Explore broader applications in high-reliability,
sustainable technologies

20 µm

Economic benefits

Lower production complexity and simplified
qualification pathways

Reduced lifecycle and maintenance costs
enabled by durable solid lubrication and
extended component lifetime
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Reduce the 
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Strong Market Potential

Contribution to SDGs

Next steps & outlook

Electrochemical & chemical synthesis

Ti3AlC2 → Ti3C2Tx

Non-toxic & environmentally friendly process

Cost-effective, simple & scalable setup

Innovation Award 

2025 / 2026
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