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Effects of relative humidity on the
tribological behavior of Cu-Zr-based
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Introduction : Bulk Metallic Glasses

Microstructure

* Usual metallic alloys =» cristalline structure

process + complex chemical composition

* High hardness
* High elastic limit

. « High strength
Mechanical - Fatigue resistance

properties « Corrosion resistance
* Processability

Industrial .

applications .

* Bulk Metallic Glasses (BMG) =» amorphous structure

« Since the 1980s : thanks to an innovative cooling

]
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Ti alloys

Steels .
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i Wood Polfmers
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Strength (MPa)

silica @

0+

1 2
Elastic Limit (%)

» Surface net-shaped formability

Sport

Medical implants
Sensor coatings
Dry bearings
Space application
Micromechanics : gears
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Introduction : Bulk Metallic Glasses

But tribological properties
highly debated :
unpredictable and
misunderstood behavior

High potential of BMGs

for industrial
applications

Hardness and
toughness ?

Contact
conditions ?

Chemical
~ composition ?

Sensitivity to

Relaxation and - p
partial ' Oxidation ?
crystallization ?

g s BTN

SEM observations of
microgears after friction
tests : wear of steel vs
wear of a BMG
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Experimental Approach

Tribological testing :

g )  \With varying compositions,
e contact conditions,

v .
/ F, / microstructure ...

Measurements :
» Coefficient of Friction : p=Ft/Fn
* Relative Humidity

measurement XRD, XPS

= Which wear mechanism ? 55 T Sl T o Ta] o . et
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Results and discussion

\ A////
Ft
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Coefficient of Friction : p=Ft/Fn

Friction tests carried out in enclosed area
with humidity control :

=> High dependency of the COF to Relative
Humidity (RH)

= Same trend for all BMG compositions
tested

=>» This means that in the contact area
between steel ball and BMG plate, there
are complex tribochemical reactions
strongly correlated to the presence of
water molecules in air
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= Wear rate of the steel ball >> wear rate of
the BMG plate
= Wear rate of the steel ball dependent to
Relative Humidity (RH)
= Wear of the BMG extremely low - due to
the formation of a protective layer on the
BMG friction track 8/ S e B B Bl 3 :
SEM pictures of a wear track on the BMG plate
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Results and discussion 0 %% aad
o eeel

= What is the nature of the 3" body patches ?

12_><10

urr use case
0nA_Standard

SEM : ABS detector
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Concl

usion

Cu-Zr based BMG have promising
tribological behaviour : despite a
high coefficient of friction (bet. 0,6
and 0,9), its wear resistance is
especially high

This is thanks to the formation of a
protective 3" body on the BMG
surface, whose formation is
dependant to Humidity Rate

This is in agreement with literature :
the dependence to humidity is
probably liked to the behaviour of
the steel ball

This study also confirms that
hardness is not a decisive factor
to predict BMG'’s tribological
behavior

coefficient of friction

coefficient of wear

A look at literature [11;

" tp
a /

f

200

50%
relative humidity

FW

»T=23°C
o T=28°C
ax=02mm
v= 20 Hz

Fo= 10N
n=1g*
@ 100Cs
-0

150 +—

100 +———
a

50

0%

aT=18°C
«T=23°C
oT=28C

&= 0,2 mm
v =20 Hz
Fa= 10N
n=10*

@ 100CE

[ Rineel]

50% 100%

relative humidity

100Cr6 vs 100Cr6
BMG vs 100Cr6

femto-st

MU B WSCIENCES &

[1] Klaffke - Wear 189 (1995) 117-121

TECHNOLOGIES

JMC 17 - 26/08/2021



famto-st 8o o000t

HBE BN SCIENCES &
TECHNOLOGIES GOl 1

Thanks for your attention
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Annexes

curr use case | d
5.00kV 0.10nA Standard | ABS 5000x 10.0 mm 0.0

andard | ETD

tilt
0.0°

curr
5.00kV 0.10nA Standard

9
det mag ® WD 1ilt | E———

ABS 5000 10.0mm | 0.0

femto-st

MU BN SCIENCES &
TECHNOLOGIES

JMC 17 - 26/08/2021

10



Annexes

femto-st

W B WSCIENCES &
TECHNOLOGIES

JMC 17 - 26/08/2021 11



Annexes

MW ENSCIENCES &
TECHNOLOGIES

JMC 17 - 26/08/2021 12



