
CONTENTS 

i 

����  INDEX 
 

CHAPTER 1. Introduction 

1.1 Introduction  1 

1.2 Corrosion in the human body 6 

1.2.1 Adsorption of proteins. Bovine Serum Albumin 13 

1.3 Corrosion of CoCrMo biomedical alloy 20 

1.3.1 Biomedical alloy characterization 20 

1.3.2 Electrochemical behaviour of the CoCrMo biomedical alloy. State of the art 24 

1.3.3 Clinical implication of the passive dissolution of the CoCrMo alloy 34 

1.4 References 39 

    

CHAPTER 2. Objectives 

 Objectives 45 

  

CHAPTER 3. Experimental techniques 

3.1 Introduction 49 

3.2 Electrochemical techniques 50 

3.2.1 Measurement of Open-Circuit Potential (OCP) 52 

3.2.2 Potentiodynamic curves 54 

3.2.3 Potentiostatic tests 64 

3.2.4 Electrochemical Impedance Spectroscopy (EIS) 67 

3.2.4.1 Electrode response to a sinusoidal perturbation of the potential 67 

3.2.4.2 Instrumentation 71 

3.2.4.3 Interpretation of the impedance results. Equivalent Electrical Circuits 

(EEC) 

72 

3.2.4.4 Experimental considerations for biomaterials 79 

3.2.5 Electrochemical Quartz Crystal Microbalance (EQCM) 80 

3.2.5.1 Sauerbrey Equation 81 

3.2.5.2 Limitations of Sauerbrey theory 84 



ii 

3.3 Surface Analysis 86 

3.3.1 Scanning Electron Microscope (SEM) 86 

3.3.1.1 Technique principles and capacities 86 

3.3.1.2 Experimental device and applied conditions 88 

3.3.2 X-Ray Photoelectron Spectroscopy (XPS) 89 

3.4 References 94 

    

 

CHAPTER 4. Electrochemical characterization of CoCrMo 

alloy in simulated body fluids 

4.1 Introduction 97 

4.2 CoCrMo biomaterial alloy 100 

4.3 Experimental set-up 102 

4.4 Results and discussion 104 

4.4.1 Influence of chemical composition and applied potential 104 

4.4.1.1 OCP 107 

4.4.1.2 Potentiodynamic curves 109 

4.4.1.3 Potentiostatic tests 113 

A) Cathodic domain 114 

B) Cathodic-anodic transition 116 

C) Passive domain 118 

D) Transpassive domain 121 

4.4.1.4 Electrochemical Impedance Spectroscopy 123 

A) Cathodic domain 123 

B) Cathodic-anodic transition 127 

C) Passive domain 132 

D) Transpassive domain 139 

4.4.2 Influence of pH and aeration conditions of the simulated body fluids 146 

4.4.2.1 Experimental sequence 146 

4.4.2.2 Results 148 

A) Open Circuit Potential Measurements 150 



CONTENTS 

 

iii 

B) Potentiodynamic polarization curves 151 

C) Potentiostatic tests 157 

D) Electrochemical Impedance Spectroscopy 161 

4.4.2.3 Discussion 167 

A) Influence of pH 167 

B) Influence of BSA 171 

C) Influence of aeration 172 

4.5 Conclusions 174 

4.6 References 174 

  

CHAPTER 5. Mechanisms of BSA adsorption 

5.1 Introduction 181 

5.2 Thermodynamical characterization of the BSA adsorption on 

CoCrMo surface 
184 

5.2.1 Simulated Body fluids 184 

5.2.2 Electrochemical measurements 184 

5.2.3 Experimental results 186 

A) Open Circuit Potential  186 

B) Potentiodynamic curves 188 

C) Electrochemical Impedance Spectroscopy 196 

5.2.4 Influence of temperature. Arrhenius equation 208 

5.2.5 Influence of BSA concentration on the passive behaviour. Langmuir 

isotherm. 
214 

5.4 Influence of the BSA on CoCrMo passivated surfaces 220 

5.4.1 Introduction 220 

5.4.2 Electrochemical measurements 220 

5.4.3 Potentiodynamic curves 222 

5.4.4 OCP 225 

5.4.5 Applied passive potential 234 

5.5 Conclusions  242 

5.6 References 244 



iv 

    

 

CHAPTER 6. Study of the passivation and adsorption 

kinetics by EQCM and XPS 

6.1 Introduction   249 

6.2 Experimental 251 

6.2.1 Quartz Crystals 251 

6.2.2 PVD deposits of CoCrMo layers on quartz crystals 252 

6.2.3 Experimental Set-up 254 

6.2.4 Correction constant for viscous loading 263 

6.2.5 Calibration of the Sauerbrey constant 265 

6.2.6 Electrochemical tests 268 

6.2.7 X-Ray Photoelectron Spectroscopy 269 

6.3 EQCM experiments 271 

6.3.1 Potentiodynamic curves 271 

6.3.2 Potential Step Measurements 277 

A) Passive domain 283 

B) Transpassive domain 287 

6.3.3 XPS analysis 287 

6.4 Discussion 300 

6.4.1 Film  growth in the passive domain 300 

6.4.2 Film growth in the transpassive domain 306 

6.4.3 Transpassive oxidation and dissolution of the CoCrMo alloy 307 

6.4.4 Influence of temperature on mass and thickness change 308 

6.4.5 Adsorption kinetics 310 

6.4.6 Model of BSA-phosphates adsorption layer on the CoCrMo  interface 312 

6.5 Conclusions 316 

6.6 References 318 

 

   



CONTENTS 

 

v 

 

CHAPTER 7. Conclusions 

 Conclusions 321 

        1 Electrochemical techniques 322 

        2 Passive dissolution 323 

        3 Transpassive dissolution 324 

        4 Adsorption 325 

   

APPENDIX. List of symbols and abbreviations 

 List of symbols 329 

 Abbreviations 335 

   

 RESUMEN 335 

 RESUM 337 

 ABSTRACT 339 

 

 



vi 

 


