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I. New Additive Concepts for 
Helicopter Gearboxes
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MIL-HDBK-516C generally states that
“during a loss of the primary lubrication
system, the gearboxes shall continue to
function and transmit required power until
appropriate pilot action can be
accomplished” while JSSG-2009-A
(Department of Defence Joint Services
Specification Guide) requires that “the
gearboxes shall function for at least 30
minutes after complete loss of the
lubricant from the primary lubrication
system while maintaining capability of
transmitting power and without leading any
component to a state of imminent failure”.

Loss of lubrication of helicopter gears
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Factors influencing loss of lubrication…
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Tailored ionic liquids as additives for gearbox lubrication

 Thermal stability

 Chemical stability

 Non-flammability

 Low vapour pressure

 High heat capacity 
etc.
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Load carrying capacity of ionic liquids by Brugger test

Standard Lubricant tester according to DIN 51347-1
Test time [s]  : 30
Oil volume [ml]  : 8 
Load [N]   : 400
Contact Pressure [N/mm²] : Load  / Area
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Scuffing tests – FZG gear test rig
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A deeper insight into the microstructure by TEM…

Anifa Mohamed Faruck, A., Grützmacher, P. G., Hsu, C. J., Dworschak, D., Cheng, H. W., 
Valtiner, M., ... & Gachot, C. (2023). Applying ionic liquids as oil additives for gearboxes: Going 
beyond the state of the art by bridging the nano-scale and component level. Friction, 11(6), 
1057-1078.
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II. Advanced Surface Engineering
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Inspired by nature!
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Applications of textured surfaces? 
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P

Gachot et al., Applied Surface Science, 2016

Using an „old“ physical principle…
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DLIP = Direct Laser Interference 
Patterning

Penrose tiling
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 The cylinder roller thrust bearing rings 
were examined by FE8 test rig 
according to DIN51819.

 Mineral oil of class ISO VG 100 mixed 
with ZDDP additive.

Experimental Parameters

Rotational Speed (rpm) 20

Load (kN) 80

Working Temperature (°C) 60

Duration (Hour) 2

Surface Roughness Ra (μm) 0.2

Bearing Steel AISI 52100

Gachot et al. Lubricants 2016

Tribofilm formation in micro-textured bearings…
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Tribofilm formation in micro-textured bearings…

➢ The wear reduction is due 
to the formation of a
tribolayer and the capability 
of lubricant storage.

a

b
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d
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What about the fatigue life-time of textured components?

Experimental Parameters
• Bearing Type: 51212
• Rotational Speed: 750 min-1

• Normal Load: 80 kN
• Contact Pressure: 3.6 GPa
• Temperature: 90 °C
• Concentration: 500 ppm P

 The fatigue life-time of the laser 
textured bearings increases by a 
factor of 3!

 The fatigue mechanism remains the 
same

Hsu, C. J., Stratmann, A., Medina, S., Jacobs, G., Mücklich, F., & Gachot, C. (2021). Does laser surface 
texturing really have a negative impact on the fatigue lifetime of mechanical components?. Friction, 1-10.



Piston rings of squeeze film dampers

Using surface texturing in highly loaded components
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wear reduction by a factor of 6!
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Using surface texturing in highly loaded components

Piston rings of squeeze film dampers in turbines
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III. High-Performing Solid 
Lubricants – 2D Materials
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https://www.designworldonline.com/lubricants-play-critical-role-space-applications/
James Webb Telescope and Pillars of Creation (Photo illustration by Salon/Getty Images/NASA)

 10 billion dollar project
 Sun-shades as large as tennis courts
 Located in second Lagrange point around 1.5 million km away 

from the Earth!
 13.000 pounds weight => one adult African elephant!

Chat GPT 4.0 custom-built

Relevance of solid lubricants in space…



A new “family” of materials – MXenes as 2D materials

21Anasori, B., Gogotsi, Y. The global expansion of MXenes. Graphene and 2D 
mater 8, 39–41 (2023). https://doi.org/10.1007/s41127-023-00067-1

Presenter Notes
Presentation Notes
MXenes discovered even much recent in 2011



22Firouzjaei, Mostafa & Nemani, Kartik & Sadrzadeh, Mohtada & Wujcik, Evan & Elliott, Mark & Anasori, Babak. 
(2023). Life Cycle Assessment of Ti3C2Tx MXene Synthesis. Advanced Materials. 10.1002/adma.202300422. 

Anasori, B., Gogotsi, Y. MXenes: trends, growth, and future directions. Graphene and 
2D mater 7, 75–79 (2022). https://doi.org/10.1007/s41127-022-00053-z

Roadmap to MXenes



MXenes - synthesis
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Friction & wear properties of MXenes

Grützmacher, P. G., Suarez, S., Tolosa, A., Gachot, C., Song, G., Wang, B., ... & Rosenkranz, A. (2021). 
Superior Wear-Resistance of Ti3C2T x Multilayer Coatings. ACS nano.
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Wait, J., Josephson, G., Wyatt, B. C., Anasori, B., & 
Çolak, A. (2023). Environmentally stable nanoscale 
superlubricity of multi-layered Ti3C2Tx 
MXene. Carbon, 213, 118284.

Friction & wear properties of MXenes 

Marian, M., Feile, K., Rothammer, B., Bartz, M., Wartzack, S., 
Seynstahl, A., ... & Rosenkranz, A. (2021). Ti3C2Tx solid 
lubricant coatings in rolling bearings with remarkable 
performance beyond state-of-the-art materials. Applied 
Materials Today, 25, 101202.



26

Combining Laser surface texturing and MXene coatings  

6µm linear 15µm 
linear

50 μm

6µm cross 15µm 
linear

50 μm 50 μm 50 μm

MXene: 
Ti3C2X

a b c d

Göçerler, H., Danecker, C., Gachot, C., Sui, X., Tomala, A., Rosenkranz, A., ... & Bilotto, P. (2025). 
Unlocking the Synergistic Impact of Laser Texturing and Ti3C2Tx MXene Coatings–Substrate-Specific 
Tribological Insights. Carbon, 120270.
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=> MXene flakes replicate well the 
laser textures and can be found in 

recessions of the textures!

Combining Laser surface texturing and MXene coatings  

Göçerler, H., Danecker, C., Gachot, C., Sui, X., Tomala, A., Rosenkranz, A., ... & Bilotto, 
P. (2025). Unlocking the Synergistic Impact of Laser Texturing and Ti3C2Tx MXene 
Coatings–Substrate-Specific Tribological Insights. Carbon, 120270.



Friction & wear properties of MXenes

28Grützmacher, P. G., Suarez, S., Tolosa, A., Gachot, C., Song, G., Wang, B., ... & Rosenkranz, A. (2021). 
Superior Wear-Resistance of Ti3C2Tx Multilayer Coatings. ACS nano.
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IV. Computational Materials 
Tribology
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Polycrystalline MD model of CuNi
alloys with 25 Mio atoms

Mean grain size: 40 nm  plasticity 
not dominated by grain boundary 
sliding

Rough rigid counterbody

5-8 normal pressures / composition

∼ 8 million core hours

Model system setup polycrystalline CuNi Alloys
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Getting a deeper understanding of the materials´microstructure! 

Observed phenomena - computational “micrographs”

Eder, S. J., Rodríguez Ripoll, M., Cihak-Bayr, U., Dini, D., & Gachot, C. (2020). Unraveling and mapping the mechanisms for 
near-surface microstructure evolution in CuNi alloys under sliding. ACS Applied Materials & Interfaces, 12(28), 32197-32208.
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That’s nice, but it’s all
for room temperature…

Deformation mechanism map - Experimental validation 
attempt

Eder, S. J., Rodríguez Ripoll, M., Cihak-Bayr, U., Dini, D., & Gachot, C. (2020). Unraveling and mapping the mechanisms for 
near-surface microstructure evolution in CuNi alloys under sliding. ACS Applied Materials & Interfaces, 12(28), 32197-32208.
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