
POUR L'OBTENTION DU GRADE DE DOCTEUR ÈS SCIENCES

acceptée sur proposition du jury:

Prof. P. Muralt, président du jury
Dr S. Mischler, directeur de thèse

Dr P. Schmutz, rapporteur
Dr C. Rieker, rapporteur

Prof. B. Jolles-Haeberli, rapporteuse

Degradation of modular hip joint implants. 
A corrosion and tribocorrosion approach

THÈSE NO 8591 (2018)

ÉCOLE POLYTECHNIQUE FÉDÉRALE DE LAUSANNE

PRÉSENTÉE LE 25 MAI 2018

 À LA FACULTÉ DES SCIENCES ET TECHNIQUES DE L'INGÉNIEUR
GROUPE SCI STI SM

PROGRAMME DOCTORAL EN SCIENCE ET GÉNIE DES MATÉRIAUX 

Suisse
2018

PAR

Angela BERMUDEZ CASTAÑEDA





















 





















 

Diseased joint Total Hip Arthroplasty (THA) 

Femur 

Femoral  
head 

Hip joint 
implant 

Acetabulum 





Trunnion 

Femoral 
Stem 

Femoral 
Head 

Femoral 
Neck 

Bore 
l 

Bone 



 

 

Positive angle Negative angle 

Difference in angle: 0.10° -0.15°  



 



 

 

 



CoCr 

Ti 
alloy 



 





 







 

 



 



Electrolyte 

Metal 

Passive 
Layer 

O2 
O2 O2 O2 

Crevice 

Corrosion 
M+ 

M+ 

M+ 

OH- OH- 
OH- OH- OHOHOH- OH

e- e- e- 

e- 

H2O 

H2O H2O 
H2O 

Surface 
E1 

E2 

1

eM+

M+

MM++

ln  I  Ic,O2,1 

Ic,O2,2 



 

Electrolyte  

XLim 

E < Epass 
 

Eap 

Metal 

Passive Layer 

dc 

IR 

(Log (i) 

Po
te

nt
ia

l  
   

   
  (

+)
 

Epass 

Eap 

ELim 

Epass ss s 

E(x) 

IR
* 

X 



• 

• 

• 



 

 





 







• • • • • • • • 

• • 
• 



• • 
• • • • • • • • • • 



 

 



 





 



Electrolyte 

Metal 

Third 
body 

C4 
M+n 

C2 
M+n 

C3 
M0 

C1 
M0 

φ2 φ1

φ5

φ3φ4

Compartments 

Material flow 



 

 



 





• 

• 

• 

• 

 



• 

 

• 

• 

• 

• 

• 

• 

• 
• 



 

 



 



Trunnion/
Taper 

End of thread 

Electrical 
connection 





 

O-rings OOO-rings 

Øexternal = 50mm 

Øinternal = 24mm 
Ø = 9 mm 

32 mm 



Position 1 

Position 2 

Position 1

Position 2

Reference 
electrode (1) 

Reference 
electrode (2) 

eence

Central 
Reference 
electrode 

Counter 
electrode 

Working 
electrode 
connection 



CRE 

RE2 

RE1 

Working 
electrode 

Counter 
electrode 
C
e

Top cover 

W
e

Ceramic 
head 

inserted 
in the cell 

Water 
level 
W
le

Ø = 12mm 

Ø = 14mm 

Angles: 
 
Cones: Ti6Al4V/CoCr:  5.63° 
 
 

Angle: 
 
Head: MACOR:  5.65° 
 
 

13mm 



μ

Metal 1 

Ceramic head 

5.63° 

5.65° 

L2 
L1 

Metal 2 

Metal 1 

Ceramic head 

Position 1 
Position 2 

Metal 2 

Metal 1 

Ceramic head 

Position 1 



 

• 

• 

• 

• 



 

Potentiostat  
CE 
WE 
 RE 

Potentiostat
CE 
WE
 REE E

Connectors/Board Position 
1.  Green: CE-Board 
2.  Red: External resistance – 

Board 
3.  Black: WE- Board 
4.  Yellow: RE central – Board 
5.  Blue: RE1 – Board 
6.  White: RE2 – Board 
 

200KΩ 

Cell/Connectors 
Red: Cell –External 
resistance  
Black: WE- Board 
Yellow: RE Central - Board 
Blue: RE1 – Board 
White: RE2 – Board 
 





 

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

-5.5

-5.0

-4.5

-4.0

-3.5

-3.0

-2.5

-2.0

-1.5

Lo
g 

i (
A/

cm
2 )

Potential applied (V)

0 5 10 15
-1.0

-0.5

0.0

0.5

1.0

 Reference 2

P
ot

en
tia

l [
V

]

Time (h)

 Potential
 Reference 1

-10

-8

-6

-4

-2

0

2

4

6

8

10
 Current

C
ur

re
nt

 (μ
A

)



0 5 10 15 20 25 30
-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

A
pp

lie
d 

po
te

nt
ia

l [
V

]

Time (h)

 Applied potential
 Reference1
 Reference2

-1

0

1

2

3

4

5

6
 Current

C
ur

re
nt

 (
μ

A
)

Active region

Po
te

nt
ia

l [
V]

 

Appppppppppppppppppppppppppppppppplieeeedddd potential
RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRReeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeefffffffffffffffeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeerrrrrrrrrrrrrrrrrrrrrrrrreeeeeeeeeeeeeeeeeeeence1
Reference2 CCCCCCCCCCCCCCCCCCCCCCCCCCCCuuuuurrrrrrrrrrrrrrreeeeeeeennnnntttttttttt

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAcccccccccccttttttttttttttttttttiiiiiiiiiiivvvvvvvvvvvvveeeeee rrrrrreeeeeeegggggggggggggggiiiiiiiiiiooooooooooonnnnn
 Applied potential
 Reference1
 Reference2  Current

Active region



0 10 20
-400

-200

0

200

400

H
ei

gh
t (

um
)

Distance (mm)

 FeCr 2 days

HH
e

200

)



0 10 20 30 40

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

A
pp

lie
d 

po
te

nt
ia

l [
V

]

Time (h)

 Applied potential
 Reference1
 Reference2

-1

0

1

2

3

4

5

6
 Current

C
ur

re
nt

 (μ
A

)

Active region

P
ot

en
tia

l [
V

] 

CRE 

RE1 

RE2 

Applied potential
RRRRRRRRRRRRRRRRRRRRRRRRRRRRRReference1
RRRRRRRRRRRRRRRReference2 CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCuuuuuuuuuuuuuuuuuuuuuuuuuurrrrrrrrrrrrrrrrrrrrrrrrrrreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeennnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnntttttttt

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAcccccccccccccccccccccccccccccccccccccccccccccccctttttttttttttttttttttttttiiiiiiiiiiiiiiiiiiiivvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee rrrrrrrrreeeeeeeeeeeeeeeeeeeeeegggggion
 Applied potential
 Reference1
 Reference2  Current

Active region





 

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
-9

-8

-7

-6

-5

-4

-3

-2

-1
 CoCr pH5.6

Lo
g 

(i)
 (A

/c
m
2 )

Potential applied (V)
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

-9

-8

-7

-6

-5

-4

-3

-2

-1

Lo
g 

(i)
 (A

/c
m
2 )

Potential applied (V)

 CoCr pH 2.3



0 5 10 15 20 25 30
0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

Po
te

nt
ial

 A
pp

lie
d 

[V
]

Time [days]

 Potential Applied
 Reference1
 Reference2

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5 Current

Cu
rre

nt
 [μ

A]

00000000000000000000

0000000000000000000000000000000000000000000000

0000000000000000000000000000000000000000000000

00000000000000000000000000000000000000

Po
te

nt
ial

Ap
pli

ed
[V

]
Po

te
nt

ia
l [

V]
 

0 5 10 15 20 25 30
-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

Po
ten

tia
l [V

]

Time [days]

 Potential
 Reference1
 Reference2

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5 Current

Cu
rre

nt 
[μA

]



0 5 10 15 20 25 30
-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

Po
te

nt
ia

l A
pp

lie
d 

(V
)

Time (days)

 Potential Applied
 Reference 1
 Reference 2

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5 Current

C
ur

re
nt

 (μ
A)

PPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPPo
tttttttttte

nt
iiiiiiiiiiiiiiaaaaaaaaaaaaaaaaaaaa

lAAAAAAAAAAA
pppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppp

lieeeeeeeee
dddddddddddddd

((((((((((((VVVVVVVVV
))))))))))))))))))))))

Po
te

nt
ia

l [
V]

 



 

-2 -1 0 1 2

-8

-7

-6

-5

-4

-3

-2

Lo
g 

(i)
 (A

/c
m
2 )

Potential (V)

 Ti6Al4V pH 2.3

-2 -1 0 1 2

-9

-8

-7

-6

-5

-4

-3

-2

Lo
g 

(i)
 (A

/c
m
2 )

Potential (V)

 Ti6Al4V pH 5.6

-2-2



0 5 10 15 20 25 30
0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.50
Ap

pl
ie

d 
po

te
nt

ia
l [

V]

Time [days]

 Applied potential
 Reference1
 Reference2

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2 Current

Cu
rre

nt
 [μ

A]

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAApppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppp
pppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppllllllllllllllllllllllllllllllll

iiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
dddddddddddddddddddddddddddddddddddddddddddddddddddddd

ppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppoooooooooooooooooooooooooooooo
ttttttttttttttttttttttttttttttttttttttttttttttttttteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnttttttttttttttttttttttttttttttttttttt
iiiiiiiiiiiaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

llllllllllllllllllll[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[
VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]]

P
ot

en
tia

l [
V

] 



0 5 10 15 20 25 30
0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0.70

Ap
pli

ed
 p

ot
en

tia
l [V

]

Time (days)

 Applied potential
 Reference1
 Reference2

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5 Current

Cu
rre

nt
 (μ

A)

Appp
pppppppppppppppppppppppppppppppppppppppppppppppppppppppppplllllllllllllliiiii

eeeeeeeeeeeeeeeeeeeeeeeeeeeeedddddddddddddddddddddddddddd
ppppppppppppppppppppppppppppppppppppppppppooooooooooooooooooooooooooooooooooooooooo

ttttttttttttttttttttttteeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
nnnnnnnnnnnnntt

iiiiiiiiiiiiiiiiiaaaaaaaaaaaaaaaaaaaaaaaaaaaaallllllllllll
[[[[[[[[[[[[[[[[[[[[[[[VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV

]]]]]]]]]]]]]]]]
P

ot
en

tia
l [

V
] 

0 5 10 15 20 25
-600

-400

-200

0

200

400

H
ei

gh
t (

um
)

Distance (mm)

 Ti6Al4V (1 month)

-400

200

um
)



0 5 10 15 20 25
-0.8

-0.7

-0.6

-0.5

-0.4

-0.3
Ap

pli
ed

 p
ot

en
tia

l [V
]

Time (days)

 Applied potential
 Reference1
 Reference2

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

0.5 Current

Cu
rre

nt
 (μ

A)

Ap
ppppppppppppppppppppli

ed
po

te
nt

ial
[V

]]]
P

ot
en

tia
l [

V
] 

0 5 10 15 20 25 30
-1.20

-1.15

-1.10

-1.05

-1.00

-0.95

-0.90

-0.85

-0.80

Ap
pl

ie
d 

po
te

nt
ia

l [V
]

Time (days)

 Applied potential
 Reference1
 Reference2

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2
 Current

Cu
rre

nt
 (μ

A)

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAApppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppp
ppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppppllllllllllllllllll

iiiiiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
dddddddddddddddddddddddddddddddddddddddddddddddddddddd

pppppppppppppppppppppppppppppppppppppppppppppppppoooooooooooooooooooooooooooo
ttttttttttttttttttttttttttttttttttttttttttttttttttttttteeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnttttttttttttttttttttttttttttttttttttttttttttttt
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

llllllllllllllllllllllllllllllll[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[[VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVV
]

P
ot

en
tia

l [
V

] 



 

• 

• 

• 







 

 



• 

• 
μ

• 

 



 

• 

• 

• 

μ

 





 



 

 





 







 

• 

• 

• 





 

 



 



 







0 1000 2000 3000 4000 5000 6000 7000 8000

0.0

0.3

0.6

0.9

Fr
ic

tio
n 

co
ef

fic
ie

nt

Time (s)

0 1000 2000 3000 4000 5000 6000

0.0

0.3

0.6

0.9

Fr
ic

tio
n 

co
ef

fic
ie

nt

Time (S)

0 1000 2000 3000 4000 5000 6000

0.0

0.3

0.6

0.9

1.2

Fr
ic

tio
n 

co
ef

fic
ie

nt

Time (s)



-

C
ur

re
nt

 (μ
A

)

0 1000 2000 3000 4000 5000 6000 7000 8000

-4

-2

0

C
ur

re
nt

 (μ
A

)

Time (s)

0 1000 2000 3000 4000 5000 6000
0

2

4

6

8

10

12

14

16

18

20

Time (S)

0 1000 2000 3000 4000 5000 6000

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

C
ur

re
nt

 (μ
A

)

Time (s)

 Current





µm

0.0

0.50

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

µm

0

5

10

15

µm

0.0

0.50

1.0

1.5

2.0

2.5

3.0

3.5

4.0

 



 

 







-5 0 5 10 15 20

0

20

40

60

80

100

At
om

ic
 C

on
ce

nt
ra

tio
n 

(%
)

Sputtering Time (min)

 C
 O
 Ti

0 5 10 15 20 25 30 35 40 45 50 55

0

20

40

60

80

100

A
to

m
ic

 C
on

ce
nt

ra
tio

n 
(%

)

Sputtering Time (min)

 C
 O
 Ti

-5 0 5 10 15 20

0

20

40

60

80

100

At
om

ic
 C

on
ce

nt
ra

tio
n 

(%
)

Sputtering Time (min)

 C
 O
 Ti



60
00

 X
10

.0
 k

eV
2/

22
/2

01
8

5.
0 
µm



20
00

 X
10

.0
 k

eV
1/

17
/2

01
8

10
.0

 µ
m

 

 
 



 







10
00

 X
10

.0
 k

eV
1/

19
/2

01
8

20
.0

 µ
m



0 5 10 15 20 25 30 35 40 45 50 55

0

20

40

60

80

100

A
to

m
ic

 C
on

ce
nt

ra
tio

n 
(%

)

Sputtering Time (min)

 C
 O
 Ti

0 5 10 15 20 25 30 35 40 45 50 55

0

20

40

60

80

100

A
to

m
ic

 C
on

ce
nt

ra
tio

n 
(%

)

Sputtering Time (min)

 C
 O
 Ti



 





 

 





Relative  
Motion 

Al2O3 

Electrolyte 

Titanium 

Load 

Passive Titanium oxide 
layer 

Third Body ody ooddyyy ooddyyyooddyy
Oxidized 

titanium feeding 
the third body 

Metallic titanium 
feeding the third 

body 

Fragmented 
particles in the 

third body 

Oxidized 
Titanium 

feeding the 
third body 

Metallic Titanium 
feeding the third 

body 

Fragmented 
particles ejected 

from the third 
body 



 

• 

φ2φ1

φ3
φ55

Th
ird

 B
od

y 
La

ye
r 

φ4

Substrate 

Electrolyte 



• 

• 

• 



• 

 



 

• 

• 

 

⋅⋅
⋅ρ

==



 



 



Alumina 
ball 

Ti6Al4V 

2 μm 

4 μm 

6 μm 

8 μm 

10 μm 

2
0
0

2
0
0

2
0
0

2
0
0

4
0
0

4
0
0

4
0
0

4
0
0

6
0
0

6
0
0

6
0
0

6
0
0

6
5
0

6
5
0

6
5
0

6
5
0

7
0
0

700

7
0
0

75
0

750

800

0 1 0 05 0 0 05 0 1

 

  0 

 

- 2 

 

- 4 

 

- 6 

 

- 8 

 

- 10 

 -100            -50        0              50
      100 



 

0 2 4 6 8 10
0.75

0.80

0.85

0.90

0.95

1.00

S
S
F

Third Body Thickness (um)

 10N _0.5V
 30N_0.5V
 10N_-1V





 



40 60 80 100
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

 Literature

To
ta

l w
ea

r (
.1

0-
13

 K
g/

s)

Amplitud displacement (μm)

0

1

2

3

4

5

6

7

8

9

10

To
ta

l w
ea

r f
ro

m
 M

od
el

 (.
10

-1
2 K

g/
s)

 Model0.5V/10N

40 60 80 100
0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

 Literature

To
ta

l w
ea

r (
.1

0-
13

 K
g/

s)

Amplitud displacement (μm)

1

2

3

4

5

6

7

8

9

10
 Model

To
ta

l w
ea

r f
ro

m
 M

od
el

 (.
10

-1
2 K

g/
s)

-1V/10N



50 60 70 80 90 100

0

1

2

3

4

5

6

7

8

9

10

 Literature

C
he

m
ic

al
 w

ea
r (

.1
0-
13

 K
g/

s)

Amplitud displacement (μm)

 Model0.5V/30N

50 60 70 80 90 100
0

1

2

3

4

5

6

 Literature

C
he

m
ic

al
 w

ea
r (

.1
0-
13

 K
g/

s)

Amplitud displacement (μm)

0.5V/10N  Model





 









• 

• 

• 

• 

• 

 



• 























CURRICULUM VITAE 

 

Ángela BERMÚDEZ CASTAÑEDA 

Date of Birth : 11 July 1984 

Nationality : Colombian 

Email: angelabermudezcastaneda@epfl.ch 

 

Education 

2014–2018 Ph.D. in Materials Science,  

Swiss Federal Institute of Technology (EPFL), Lausanne, Switzerland. 

2010–2013 Master of Engineering - major in Corrosion, 

Antioquia University , Medellín, Colombia 

2001–2009 Bachelor of Materials engineer,  

Valle University, Cali, Colombia 

 

Professional Experiences 

2014 – 2018  Doctoral candidate at the TIC laboratory of the Swiss Federal Institute 
of Technology in Lausanne (EPFL). Lausanne, Switzerland 

2013-2014 Lecture in the construction materials course at Politécnico Colombiano 
Jaime Isaza Cadavid. Medellín, Colombia 

2007-2013 Research Engineer at CIDEMAT research group of the Universidad de 
Antioquia. Medellín Colombia. 

2007-2010  Quality and materials engineer at Industrias Haceb S.A. Copacabana, 
Colombia 

 

 

Distinctions  

2014-2018 Swiss Government Excellence Scholarships for Foreign Scholars 

2014-2018 Colciencias (2014-2018) – Loan-scholarship for Doctoral Studies 

 



Languages  

Spanish : Mother tongue 

English : Fluent 

French : A1/A2 

 

  



PUBLICATIONS LIST 

 

Publications related to this thesis 

 

Pending publications: 

 

1. Bermudez, A., Mischler S. Crevice-corrosion of biomedical alloys in hip joint 
configuration.  

2. Bermudez, A., Navarro-Laboulais, J., Mischler S. Fretting-corrosion in biomedical 
alloys. A third body approach. 

Conferences 

 

1. Bermúdez, J. Navarro-Laboulais, S. Mischler. Crevice effect in systems under 
tribocorrosion conditions:  Mechanisms competition. In Eurocor 2017. Prague, Czech 
Republic.   

2. Bermúdez, J. Navarro-Laboulais, S. Mischler. Tribocorrosion Systems in presence of 
third body: Modelling for Fretting – Corrosion conditions. Euro Friction Wear and 
Wear Protection 2017. Ettinglen, Germany 

3. J. Navarro-Laboulais, A. Bermúdez, S. Mischler, Third-body Mass Balance Modelling 
for Tribocorrosion Systems. In Eurocor 2016. Montpellier, France. 

4. Bermúdez, A., Esguerra-Arce J., Esguerra-Arce A., Mischler, S. Tribo-electrochemical 
resistance against bone of biomedical alloys. In 21th Swiss Conference on Biomaterials 
and Regenerative Medicine. 2015. Lausanne, Switzerland. 

 

Other publications 

 

Peer-reviewed journals: 

1. Bermúdez, A., Esguerra-Arce J., Esguerra-Arce A., Aguilar, Y.,Mischler, S. Fretting 
corrosion between bone and calcium phosphate-calcium titanate coatings, (submitted 
to Wear) 

2. Bedoya, F.E., Bermúdez, Á., Castaño, J.G, Echeverría F., Calderón J.E. 
Electrochemical impedance study for modeling the anticorrosive performance of 
coatings based on accelerated tests and outdoor exposures. Journal of Coatings 
Technology and Research (2016) 13: 895. 

3. Bedoya, F.E., Calderón J.E., Bermúdez, Á., Castaño, J.G, Echeverría F., Maya-
Montoya J. New strategy to assess the performance of organic coatings during 
ultraviolet–condensation weathering tests. Electrochimica Acta (2014): 124(1), 119-
127 



4. Bermúdez-Castañeda A., Castaño J.G., Echeverría F.. Organic coatings deterioration: 
Mean models and quantification methods. Revista Ingeniería y Desarrollo 
(2012), 30(2), 261-283. 

5. Bedoya, F.E., Calderón J.E., Bermúdez, Á., Castaño, J.G, Echeverría F., Maya-
Montoya J. Análisis de los factores de mayor influencia en la evaluación del desempeño 
de recubrimientos orgánicos mediante ensayos acelerados y espectroscopia de 
impedancia electroquímica. Ingeniería y Universidad (2011): 15(1), 245-268.  

Conference proceedings 

 

6. Bermúdez, A., Gallego, L.M., Castaño, J.G., Echeverría, F., Maya, J.G. Compatibility 
study between anti-corrosion coatings, in UV/Condensation essays. VIII Congreso 
Latinoamericano de Corrosión NACE 2012 . 2012. Lima, Perú. 

7. Bermúdez, A., Bedoya, F.E., Gallego, L.M., Castaño, J.G., Calderón, J.A., Echeverría, 
F., Maya, J.G. Influence of the electrochemical impedance spectroscopy measurements 
in the phenomenology of deterioration of organic coatings, in VIII Congreso 
Latinoamericano de Corrosión NACE 2012 . 2012. Lima, Perú. 

8. Bedoya, F.E., Bermúdez, A., Gallego, L.M., Castaño, J.G., Calderón, J.A., Echeverría, 
F., Maya, J.G. Study of the durability of organic coatings by electrochemical impedance 
accelerated tests and statistical analysis, in VIII Congreso Latinoamericano de 
Corrosión NACE 2012 . 2012. Lima, Perú. 

9. Bedoya, F.E., Gallego, L.M., Calderón, J.A., Bermúdez, A., Castaño, J.G., Echeverría, 
F., Maya, J.G. Evolution of the electrochemical properties of organic coatings after 12 
hours of cyclic exposure in a UV/condensation chamber (ASTM D4587), in V 
Seminario Colombiano de Electroquímica. 2012. Medellín, Colombia. 

10. Bedoya F.E., Gallego, L.M., Bermúdez, A., Castaño, J.G., Echeverría, F., Calderón, 
J.A. Evolution of Electrochemical Properties of Organic Coatings During UV-
Condensation Weathering Test, in X Symposium on Electrochemical Methods in 
Corrosion Research. 2012. Maragorí, Brasil. 

11. Bermúdez, Á., Castaño, J.G , Toro A. Evaluation of Ni-P Coatings Modified with 
Magnetite Synthesized with and without Presence of Aluminium. In XVIII International 
Materials Research Congress IMRC 2009.2009. Cancún – México. 

12. Bermúdez, Á., Castaño, J.G , Toro A. Evaluation of Ni-P Coatings Modified with 
Magnetite Synthesized with and without Presence of Aluminium. In IV Cuarto 
Encuentro Nacional de Materiales. Universidad de Antioquia. 2208. Medellín – 
Colombia. 
 

 




