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*  Various engineering fields which involve
. contact applications: biomedical,
Industrial micromechanics (microgears)

applications?

*  Which performances of BMGs under
tribological conditions?
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PROBLEMATIC RAISED

> Tribological behavior of BMGs still poorly understood

Most studies try to connect tribological behavior of BMGs to mechanical properties
(hardness [3], toughness [4], bulk modulous [5])
- but no common agreement arises

> Salehan et al [6] suggested a classification of wear mechanisms of BMGs into 3 categories:

Microcracks, delamination Shear banding and Oxide tribolayer formation
and abrasive wear work-softening and material transfer

Sliding Direction

Matrix

10 pm

v

Raises the questions of:...

oxide formation on BMG surface & the impact of environmental conditions

\4

L rarely questioned in the literature = A potential impact of the humidity rate ?
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EXPERIMENTAL APPROACH

In-house designed ball-on plate tribometer (reciprocating linear)

52100 steel (= 100Cr6)

F »~ (diameter 5 mm)
d—_—
BMG

= CU47ZI‘46A|7

_ Samples preparation:
Cu4Zr45AlgND, - Polishing with sandpaper (Sa = 0.07 pm)

_ - Ultrasonically cleaned in isopropyl-alcohol for 3 min

(15x 10 x 1 mm3)

Humidity Control: from 20 %RH to 80 %RH

Peristaltic

Ah =+1 mm pump
f=1Hz
Sliding speed = 4 mm/s Hvarometer Fan
F\ = 1 N (dead weight) 9 .
5,000 friction cycles 1

) y - FT. /

Tribometer
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EXPERIMENTAL APPROACH

Surface characterization:

52100 ball BMG plate

Optical & SEM
observations

=>Which impact of
3D surface relative humidity
topography on the wear
variable focus optical mechanisms?

microscope (InfiniteFocus,
Alicona Imaging GmbH)
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RESULTS - Humidity impact on the friction coefficient

4 tests per BMG plate were achieved at 50 %RH to assess Hsiap At varying relative humidities:
results reproducibility:

CuZr 46Al; 1 Cuy,Zr ,5AIgND,
i Cuy,Zr,Al
o O CuyyZr,sAlgNb,
0.9} % LY ¥ ZrgoClygAly,
S * § 216, CU,cAlL, Ti,
=
0 L L L L , 0 . L , . 07 B
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 5
¢
Number of cycles Number of cycles 0.6} *
= @
. 0.5 : ‘ ‘ ‘ ‘
1 ZrgoCUgAl; 1 Zre;CusAl;o Tin 0 20 40 60 80 100
08 Relative Humidity (%)
0.6
= 04 =
ozl o = 4 highly dependent to
relative humidity
0 1000 2000 3000 4000 5000 %0 1000 2000 3000 4000 5000
Number of cycles Number of cycles

L Ah =+1 mmat 1 Hz, v=4 mm/s, Fy =1 N, 5000 friction cycles
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RESULTS - Humidity impact on the wear volume

Definition of wear rate K: lost volume of matter per unit of K, and K, at varying relative humidities:
normal force and sliding distance

BMG plate 52100 ball 20 ; o K, Cuzr
. € ¢ K, CuZr+Nb
mz 15+ * Kb Zr
E K, Zr+Ti
] ] — 10+
cropping and redressing redressing w!th respect f) o K _Cuzr
with respect to a plane to a quadratic surface - p
l C(KU 5t o Kp CuZr+Nb
E ¥ Kp Zr
= %’ 0 K, Zr+Ti

Relative Humidity (%) |

2> Kpai >> Kgyic
Hpai >> Hgye 2 counter-intuitive...

K.o—_ Vv 7O e A (820 HV and 450 HV)
P 2xd*Ncycles*FN b 2xd*Ncycles*FN ‘ '

=>» High dependency of K, to

I the relative humidity
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RESULTS — The role of third bodies

Optical and SEM observations, EDS and XPS analyses:
Fe,O; particles traped into the contact area - agglomerate into 3" body patches

80 %RH
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RESULTS - The role of third bodies 0% 0
& Cu

Intensity (count)

4 Fe 7r

' Al

O0 0.5 1 1.5 2 2.5
Energy (keV)

= mixed composition:
Fe-oxides (dark stripes) & Zr-Cu-oxides (bright stripes)

=> depth greater than 1 um

=>» Mophology suggests high plastic deformation and
surface ductility
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CONCLUSION

= Wear behavior of BMGs is not related to the hardness of the two materials in contact

= Tribochemical wear mechanisms leading to material transfer from the steel ball to the BMG plate:

scenario

— o o o o

ploughing
striation
BMG
Zr-Cu-Al-
oxide patch $

Fe-oxide _/l o

particles

Fe-oxide o ? -
patch

Many Fe-oxide patches of small size
supporting high pressures, responsible
of high abrasive wear of the ball

Ploughing of the BMG
surface + anchoring of
small Zr-Cu-Al-oxide
patches

Abrasion ofthe steel ball
by Zr-Cu-Al-oxide patches
+ Particles production
(Fe,03)

patches anchored either:

Large and smooth Fe-oxide patches
supporting smaller pressures

+ a condensed water film
responsible of a lubrication of the
contact and a stronger compaction
of wear particles [11]

Compaction of Fe,05 particles into

(@) above Zr-Cu-Al-oxide patches
(®) mixed with Zr-Cu-Al-oxide (zebra)
_____ (©).on_the worn sugfage of the BMG

\

e o o o

Stage 1

Stage 3

= Rises the question of the role

of the counterface during
friction between BMG / 52100
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CONCL

USION

=» A look to the literature...

Friction Coefficient
© o o o o
(@) ] » ~ oo (o) —
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o
o © 0 Klaffke [12]: 52100 steel
o &, % Oh[13]: 1020, 1040, 1045 steels
_ PR . e Current study: 52100 vs BMGs
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=» dependency to RH
highly correlated to
the steel counterface

=» future works will focus
on the impact of the
counterface material
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