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Fuller & Harb (textbook), ch.16, Johns, ch.1-3



- Corrosion: unwanted attack of metals by their environment

e.g.                      Fe → Fe2+ + 2e-

- Components of corrosion systems

(1) The metal (anode)

(2) A cathode reactant with an equilibrium potential higher than that of the 

metal

(3) Electrical contact between the anode and cathode

(4) An electrolyte that permits current flow in solution between the anode 

and cathode

e.g. 

galvanic corrosion (like Daniel cell (battery)): an active metal is 

electrically connected to a more noble metal (one that is less likely to 

corrode) → oxidation in one side + reduction in the other side

Corrosion fundamentals



- Most common cathodic reactions in corrosion in aqueous systems

O2 + 4H+ + 4e- → 2H2O

O2 + 2H2O + 4e- → 4OH-

2H+ + 2e- → H2

H2O + 2e- → H2 + 2OH-
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Types of corrosion



- Thermodynamically favorable corrosion reaction is a reaction that has a 

negative free energy (positive cell potential) with the metal as the anode

- Immunity: corrosion is not thermodynamically favorable

- Passive layer: Al is very reactive (standard potential = -1.66 V), but 

doesn’t corrode. Why? Oxide layer → passive layer, passivation

- potential, pH: critical variable in determining the stability of the surface 

layer →  Porbaix diagram

Thermodynamics of corrosion systems
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Standard electrode potential (표준전극전위)

E0



Pourbaix diagrams

at 25°C, pH = -log10a

2H+ + 2e- = H2

E = E0 - (RT/2F)ln(1/aH+
2)

= 0 + (RT/F) ln(aH+)

= -(RT/F)(2.303pH) 

= -0.0592pH

(1/2)O2 + 2H+ + 2e- = H2O

E = E0 - (RT/2F)ln(1/aH+
2)

= 1.229 + (RT/F) ln(aH+)

= 1.229 - (RT/F)(2.303pH) 

= 1.229 - 0.0592pH



Pourbaix diagram for Zn at 25°C

Zn2+ + 2e- = Zn

E = E0 - (RT/2F)ln(1/aZn2+)

= -0.763 + (RT/2F) ln(aZn2+)

[Zn2+] = 10-6 M → -0.94 V (line c)

Zn2+ + 2OH- = Zn(OH)2

No electron transfer reaction (not 

a function of potential)

→ vertical line (line d)

→ pH calculation using Ksp

→ pH = 8,74

Zn(OH)2 + 2H+ + 2e- = Zn + 2H2O

E = -0.425 + (RT/F)(2.303pH)

(line e)



Ni

- Dashed line a , b: hydrogen reaction and oxygen reaction

- Each solid line: equilibrium of an electrochemical or a chemical reaction 





• Anode is made from the same metal as that being plated at the cathode 

and condition is selected that the concentration of the metal ion in solution 

remains constant

• Anode and cathode current efficiencies to be matched

• From Fig. 8.11, in a plating process, it is essential to maintain the anode 

potential in the active region to ensure smooth and uniform dissolution 

(maintaining a suitable low current density)

• Additions of complexing agents (preventing passivation) or halide ions 

(causing pitting of the oxide film)

From ch.13 Electrodeposition

일부금속(예, Cr)은산화전극(anode)

으로사용할경우부동화
(passivation)되어용출이불가능. 전
착하고자하는금속의염을전해액에
용해하여금속이온생성시킴

Pletcher, ch.8

Some metals (eg Cr) are 

passivated when used as an 

anode and cannot be eluted. 

Metal ions are generated by 

dissolving the salt of the 

metal to be electrodeposited 

in the electrolyte.



- Vertical line in Porbaix diagram (e.g. pH = 8)



D. A. Jones, Corrosion, Macmillan



- For a uniformly corroding surface, the potential naturally moves to the

corrosion potential, where the anodic and cathodic currents are equal

Evans diagrams

- Tafel plot can be used to illustrate and to help us analyze uniform corrosion 

→ I-V curves for both the anodic and cathodic reactions on the same plot

Corrosion rate for uniform corrosion

- The cathodic evolution of 

hydrogen and anodic dissolution of 

iron using Tafel expressions 

- Vcorr (or Ecorr): corrosion potential 

→ zero net current (since the rates 

of the two reactions are balanced),  

icorr (corrosion current)

→ the rate at which the metal will 

dissolve





Using Butler-Volmer equation and Tafel kinetics



O + ne- = R

From ch.13 Electrodeposition



Metal ion reduction

Reducing agent oxidation

Mn+ + ne- → M

Red → Oxm+ + me-

)(Efic =

)(Efia =

▪ The potential where the total current 
becomes 0 is the mixed potential. 

actotal iii +=

▪ Mixed potential theory: overlap of two independent electrochemical reaction

Electrochemical Point of View: Mixed Potential Theory (혼성전위)

i

E(-)

ci

ai

ceqE , aeqE ,

mpE

I-V: Electroless deposition

From Prof. Oh-Joong Kwon (Incheon NU)

From ch.13 Electrodeposition



Electroless deposition

Pletcher, ch.8

From ch.13 Electrodeposition
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Experimental measurement of corrosion



- Mass transfer effect: e.g. oxygen reduction → limiting current

Mass transfer effects

Two anodic curves

(a) One that intersects in the mass 

transfer limited region

(b) One that intersects in the region 

where rate effects also contribute



Multiple reactions

- Multiple cathodic reactions (multiple anodic reactions later)



- Localized corrosion is very different from the uniform corrosion (Fig.16.1)

Localized corrosion

Galvanic corrosion

- Galvanic corrosion is a form of localized corrosion that can occur when 

two different metals are in contact and exposed to a common electrolyte

- e.g. Zn + Fe 





- Cathodic protection, anodic protection, electrophoretic coating (or e-

coating)

Corrosion protection

Anodic protection: much less commonly than cathodic protection

-(i) Increasing potential in the anodic direction to passive region  

- anodic corrosion current is 

reduced by two orders

- Cathodic current is 

reduced more



Anodic protection

-(ii) Changing the cathodic reaction so that the cathodic curve intersects the 

anodic curve in the passive region

- Changing oxygen 

concentration



Cathodic protection

- used to protect sea vessels, oil platforms, ocean structures, buried 

pipelines, storage tanks and so on

- lower the potential of the metal in the cathodic direction to decrease its 

dissolution rate  → to reduce or eliminate corrosion  → ideally to the 

immunity area (Poubaix diagram)

-Two ways for cathodic protection

(i) Use of a sacrificial anode

(ii) Use of an external power supply 

to apply a cathodic current 

to the metal to be protected

V1: lower dissolution

V2: eliminate dissolution



(i) Use of a sacrificial anode
- coupling the metal to be protected with a more active metal, that is, one 

with a lower equilibrium potential 

→ sacrificial metal (by galvanic corrosion)



(i) Use of impressed current cathodic protection (ICCP)
- the external electrode is the anode (corroded) and the structure to be 

protected is the cathode
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Nanoparticle synthesis using electrodeposition/corrosion

Science (2013)



Galvanic Corrosion (갈바니부식) 

갈바닉전지 갈바닉부식현상Galvanic corrosion

동전-황동: 구리 + 아연

갈바닉전지 갈바닉부식현상

Ionization Tendency of Metals

Galvanic Cell Galvanic Corrosion

Corroded Coin: copper+zinc 

Active Noble
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v
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▪ Mn3O4 nanocrystals were reacted with Fe(II) perchlorate in a suspension.

▪ The lattice orientation of original Mn3O4 was preserved during the complete 

transformation.

Mn3O4 Nanocrystals -Fe2O3 Nanocages

Science 2013, 340, 964.

Standard 

reduction 

potential(V)

Multivalent 

ion pairs

1.87 Co2+/Co3+

1.67 Pb2+/Pb4+

1.61 Ce3+/Ce4+

1.51 Mn2+/Mn3+

0.77 Fe2+/Fe3+

0.16 Cu+/Cu2+

0.15 Sn2+/Sn4+

0.00 Ti3+/Ti4+

-0.40 Cr2+/Cr3+

Nanoparticle synthesis using electrodeposition/corrosion



Metal Nanocrystal vs. Metal Oxide Nanocrystal

v

v v

v

v

MetaI nanocrystal MetaI oxide nanocrystal

Representative
equation

3Ag + HAuCl4 → 3AgCl + Au + HCl Mn3O4 + 2Fe2+ + 2H+ → -Fe2O3 + 3Mn2+ + H2O

Redox pair Metal vs Metal ion Metal ion vs Metal ion

Reaction 

mechanism

Oxidative dissolution and reductive

precipitation

Reductive dissolution and oxidative

precipitation

Metal oxide 

Metal  

Dissolution

precipitation

precipitation

Standard reduction 
potential(V)

Multivalent 
ion pairs

1.87 Co2+/Co3+

1.67 Pb2+/Pb4+

1.61 Ce3+/Ce4+

1.51 Mn2+/Mn3+

0.77 Fe2+/Fe3+

0.16 Cu+/Cu2+

0.15 Sn2+/Sn4+

0.00 Ti3+/Ti4+

-0.40 Cr2+/Cr3+

Pour-baix diagram
standard reduction potentials

of multivalent ions

Ox.

Red.



5. Hydrolysis + condensation of inorganic alkoxide precursors:

TEOS (tetraethyloxysilane) or 

TMOS(tetramethyloxysilane)

M = metal 

hydrolysis,

condensation

Fe2O3

Nanoparticle synthesis



SCHEDULES (could be modified)

•Introduction and basic principles (ch.1) (1 week)

•Cell potential and thermodynamics (ch.2) (2 week)

•Electrochemical kinetics (ch.3) (3 week)

•Transport (ch.4) (4 week)

•Electrode structures and configurations (ch.5) (5 week)

•Analysis of electrochemical systems (ch.6) (6 week)

•Batteries 1, 2 (ch.7,8) (7,8 weeks)

•Fuel cells 1, 2 (ch.9,10) (9,10 weeks)

•Electrochemical capacitors (ch.11) (11 week)

•Energy storage & conversion (ch.12) (11 week)

•Electrodeposition (ch.13) (12 week)

•Industrial electrolysis (ch.14) (13 week)

•Photoelectrochemical cells (ch.15) (14 week)

•Corrosion (ch.16) (15 week)

Final Exam (June 13)

Figures in Lecture Notes!!



TEXTBOOK

Thomas F. Fuller, John N. Harb, Electrochemical Engineering, Wiley, 2018.

(It is recommended to solve the textbook example(Illustration))

REFERENCES (참고문헌들)
Derek Pletcher, Frank C. Walsh, Industrial Electrochemistry, Blackie Academic

& Professional, 1993.
오승모, 전기화학(3판), 자유아카데미, 2019. (Seung Mo Oh, Electrochemistry, Eng. Version)

Milan Paunovic, Mordechay Schlesinger, Fundamentals of Electrochemical

Deposition, Wiley, 1998.

Denny A. Jones, Principles and Prevention of Corrosion, Macmillan, 1992.

Mathew M. Mench, Fuel Cell Engines, Wiley, 2008.

Robert A. Huggins, Advanced Batteries, Springer, 2009. (e-book in library,

also in Korean)

Allen J. Bard, Larry R. Faulkner, Electrochemical Methods, Wiley, 2001 (Korean Ver.)

GRADING (B+ & above ~ 80%, B0 & below ~ 20%, or Departmental guide)

Midterm Exam 40%, Final Exam 40%, Homeworks & Attendance 20 %

LECTURE ROOM & TIME: Rm #302-409, 11:00-12:15 Mon. & Wed.

OFFICE HOUR: Rm #302-721, 13:00-16:00 Mon. & Wed.

•TA: Geumbi Na(나금비) Rm #302-1007, 02-880-9123, mstu2025@snu.ac.kr

mailto:mstu2025@snu.ac.kr


전기화학에너지공학강의의 목표

✓ 전기화학(Electrochemistry)에대한 기초적 지식 함양

✓ 전기화학의 공학 혹은 산업적 응용 기초지식 함양

✓ 산화와 환원의 전기화학반응을통한 연구에의 적용 가능성 탐색

✓ 전기화학 역사를 통한 연구개발의 통찰력 확보

✓ 타분야와의공동연구 가능성 모색을통한 시너지확보

✓ Cultivation of basic knowledge about electrochemistry.

✓ Cultivation of basic knowledge of electrochemical engineering or industrial 

application.

✓ Exploring the applicability of research through the electrochemical reaction of 

oxidation and reduction.

✓ Gain insight into R&D through the history of electrochemistry.

✓ Securing synergy by exploring the possibility of joint research with other fields.

Objectives of the Electrochemical Energy Engineering Lecture



Goal: Electrochemistry for Sustainability

Is electrochemical energy sustainable?

Electrochemistry for applications in sustainability

Organic electrochemistry for sustainable synthesis

…..

A journey on the electrochemical road to sustainability
(cf. David A. J. Rand, J. Solid State Electrochem., 15 (2011) 1579) 

Is electrochemistry sustainable in principle?

Davis J. Smith
ChemSusChem
(2019))

Electrochem.org (ECS)

Google


