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•Design of a new high performance coating for space application

➢Space environment ? 

➢Space application ?

Lubrication must be

sustained in all those

environnements!

Multi-env. Tribology

Performances on 

Ground = Space is

critical

Different specific characteristics

- Mechanics

- Physico-chemistry

- Temperatures

Source: Thalès Alenia Space

Source: Ariane Espace

Source: ESA

Ground tests = up to 30% of the total mechanism life

3 lives

Space

Launch

Earth
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•Design of a new high performance coating for space application

➢Space environment ? 

➢Space application ?

2023 - JUICE

Boom Antenna

deployment (pin 

stuck)

Recent

issues

2022 - JWST

High friction in MIRI instrument
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Lubrication must be

sustained in all those

environnements!

Multi-env. Tribology

Performances on 

Ground = Space is

critical
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•Design of a new high performance coating for space application

Air

Humidity is

detrimental

MATSUMOTO K, SUZUKI M ESMATS 1999

Common thoughts

not always
does not mimic

MoS2

MATSUMOTO K, SUZUKI M ESMATS 1999

Air 

0%HR

Air 

50%HR

Air 

10%HR

cycles

µ

Rev.

x 10

Vacuum

Internal

contamination 

detrimental

Dry N2 at 

Patmo

mimics UHV

It is,
Donnet, 1996

Not necessarily 
Buck 1983 & 1987, Finch 1950

Depends on vacuum level
Colas 2013 & 2015

Disagreements

➢Literature full of 
contradictions?
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•Design of a new high performance coating for space application

Friction coefficient and 

wear lives alone

do not allow

understanding nor

predicting a tribological

behaviour

➢Literature full of 
contradictions?

➢Any agreements ?

Yes ! Lubrication by shear, sacrificial

damage of coating surface, circulation 

of 3rd body materials

1 Savan, A. et al., Lubr. Sci. 2000.

Descartes, et al, 2015.

Singer E, et al, 1990  ;   Wahl, K, et al, 2000 ; etc….
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•Design of a new high performance coating for space application

Find and exploit the link 

between the creation and 

evolution of the lubricating 

layer and its physicochemical 

nature.env.
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Friction 

force

In-situ 

gas

analysis

Video

SEM ToF-

SIMS

EDX

Air
Vide

N2

➢Contact life reconstruction

MoS2 

1µm
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ToF-SIMS
Top surface chemistry

Sous UHV
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➢The denser the better?

Dense Fibrous

Amorphous and 

nanocrystaline

Dense amorphous

Fully

nanocrystalline

≈ 1 µm

≈ 0.25 µm

≈ 0.2 µm

Equiaxed Zone

coating

substrate

≈ 1 µm

≈ 0.25 µm

≈ 0.2 µm

Equiaxed Zone

coating

substrate

≈ 1 µm

≈ 0.25 µm

≈ 0.2 µm

Equiaxed Zone

coating

substrate

≈ 1 µm coating

substrateTi (under layer) 

≈ 0.1 µm

➢ Two MoS2 coatings _ Friction in UHV
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➢The denser the better?

Dense Fibrous

Amorphous and 

nanocrysttline

Dense amorphous

Fully

nanocrystalline

➢ Two MoS2 coatings _ Friction in UHV
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Efficient MoS2 lubrication in 

vacuum

if particles small enough to stay

trapped inside the contact

➢Coating with relevant morphology

Ti (under layer) 
(0.1 µm)

Ti + MoS2 (0.9 µm)

MoS2 (0.050 µm)

coating

substrate
Ti (under layer) 
(0.1 µm)

Ti + MoS2 (0.9 µm)

MoS2 (0.050 µm)

coating

substrate

Sacrificial surface 

damage, small particle

Crack propagation, large 

particle, coating depletion
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Conclusion based

on Qualitative 

analysis…

➢ AFM Friction test in dry N2

1 GPa (Fuller & Tabor)

Reciprocating, 60µm track length
Vs = 15µm/s  ;  Nb cycle = 1000

500 nm500 nm
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≈ 1 µm coating
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coating

substrate
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Conclusion based

on Qualitative 

analysis…

➢ AFM Friction test in dry N2

1 GPa (Fuller & Tabor)

Reciprocating, 60µm track length
Vs = 15µm/s  ;  Nb cycle = 1000

T
ra

c
k
 v

o
lu

m
e
 

lo
s
s Large & 

continuous loss

≈ 1 µm coating

substrateTi (under layer) 

≈ 0.1 µm

≈ 1 µm

≈ 0.25 µm

≈ 0.2 µm

Equiaxed Zone

coating

substrate

≈ 1 µm

≈ 0.25 µm

≈ 0.2 µm

Equiaxed Zone

coating

substrate

≈ 1 µm

≈ 0.25 µm

≈ 0.2 µm

Equiaxed Zone

coating

substrate

➢ Molecular dynamics

21% lower shear stress, ultimate

shear @ 20% lower strain

➢Coating with relevant morphology, semi-crystalline

Cracks, continuous particle detchmt



Ti (under layer) 
(0.1 µm)

Ti + MoS2 (0.9 µm)

MoS2 (0.050 µm)

coating

substrate
Ti (under layer) 
(0.1 µm)

Ti + MoS2 (0.9 µm)

MoS2 (0.050 µm)

coating

substrate
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•Design of a new high performance coating for space application

➢ How to make it resist ground 
to space transition ?

JIFT 2023| Lille | 31/05 – 02/06

Dense Fibrous

Amorphous and 

nanocrysttline

Dense amorphous

Fully

nanocrystalline

≈ 1 µm

≈ 0.25 µm

≈ 0.2 µm

Equiaxed Zone

coating

substrate

≈ 1 µm

≈ 0.25 µm

≈ 0.2 µm

Equiaxed Zone

coating

substrate

≈ 1 µm

≈ 0.25 µm

≈ 0.2 µm

Equiaxed Zone

coating

substrate

➢ Two Antagonists MoS2 based coatings

MoS2

Lub. In Vacuum, dry N2

MoS2 + 10%Ti

Lub. In Air and dry N2

MoS2 MoS2 + 10%Ti

➢ N2 and H2O Physisorb / chemisorb

➢MoSxOy presence => like MoS2 in UHV
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•Design of a new high performance coating for space application

➢ To summarize, coating sustaining ground => space working environment ?

JIFT 2023| Lille | 31/05 – 02/06

➢Coating with relevant morphology and partially crystalline
➢ Localize cracks at coating surface

➢ Local detachment of particle small enough to be trapped

➢ Agglomeration into ductile 3rd body layer

➢Addition element to protect MoS2 and Lubricate
➢ Gaseous in nature => e.g. internal contaminants of MoS2

➢ MoSxOy, not perfect but lubricious capabilities

➢ Solid => getter effect to protect MoS2 against further oxidation

➢ Selective chemisorption
➢ But must also be lubricious in vacuum environments
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•Our new high performance coating for space application
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➢ MoS2 + 10%Ta + O

➢ PVD Deposition 

➢ Dense fibrous

➢ Hard

➢ Crystalline ?

Mo substitution by Ta

Desorder peak
➢ XPS shows

➢ MoS2 *; TaS2 *

➢ Ta2O5 *; peu de MoO2

➢ MoSxOy *; TaSxOy **

➢ Mo-Ta-S-O most likely

* Lubricious in vacuum or air ; 
** most likely lubricious
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•Our new high performance coating for space application

Coating 1µm

1 GPa

10 mm/s

➢ Works?
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Below 0.1  => Success

in 0.15 – 0.2 range

No lubrication faillure

Better than MoS2
=> 2/3 Success

Below 0.1 in UHV

Definitely the best
MoS2 failed at 150 cycles

=> Success
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•Our new high performance coating for space application

Coating 1µm

1 GPa

10 mm/s

➢ Works?

✓

✓

✓ ✓

✓

✓ ✓

✓

✓

✓

✓

➢ Success => Damaged and wear resistance, Lubriciousness JIFT 2023| Lille | 31/05 – 02/06
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•Conclusion

➢ Design coating for space lubrication
➢Literatures agrees only on : Lubrication by shear, sacrificial 

damage of coating surface, circulation of 3rd body materials

Successful design of new coating JIFT 2023| Lille | 31/05 – 02/06

2009 to 2022
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•Our new high performance coating for space application

➢ 2023 => 2026

JIFT 2023| Lille | 31/05 – 02/06

➢ TRL 3 => TRL7
➢Validation to pass to pre-certfication / prequalification stage 

of the coating for space flight

➢Pure sliding, rolling+sliding

➢Different environment

➢Ball bearing level test

Vacuum tribometer

@FEMTO

➢ 3 laboratories

➢ 1 industrial

➢ 3 space 
agencies
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