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< Meets . Tues., 09:00 - 10:30, and Thurs., 09:00 -10:30,
Appl. Eng. Bldg., Rm. 2425

* Instructor : Kwon, HyukSang, Professor
Rm. 2404, Appl. Eng. Bldg.
Tel : (0)869-3326: (H) 016-271-3326
E-mail :
Web site: http://corrosion.kaist.ac.kr/

* Prerequisites : MS 214 and MS 215

s Text Book : Principles and Prevention of Corrosion,
Denny A. Jones, Prentice Hall, 2" ed., 1996
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+» Goals

Applies thermodynamics and kinetics of electrode reactions to environmental effects
on the failures of metals and alloys. Specific topics comprising thermodynamics and
kinetics of electrode reactions, mixed potential theory, passivity, galvanic corrosion,
localized and stress corrosion, hydrogen embrittiement, corrosion-resistant-alloy
design and corrosion prevention are discussed. In addltlon recent application of
electrochemical processes to nanotechnology, novel methods for in-situ analysis of
passive film will be covered.

< Students will get acquinted with electrochemical principles and techniques that will
be applied to corrosion, electroplating, battery, and fuel cell.

* Grading Policy

Mid-term exam(40)+Final exam(40)+Homework(20)
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*** Topics ( no. of class):

“ Introduction (1)
Electrochemical aspects of corrosion (1)
Thermodynamics of corrosion processes (2)
Pourbaix diagrams ( 2)
Electrode kinetics (2)
Corrosion kinetics, Mixed potential theory (2)
Prediction of corrosion behavior using mixed potential theory (2)
Passivity (2)
Electrochemical impedance spectroscopy (1)
Galvanic corrosion (2)
Intergranular corrosion (1)
Localized corrosion (3)
Electrochemical methods for In-situ analysis of passive filim &
Micro-probe corrosion analysis (2)
Application of electrochemical processes to nanotechnology (1)
Hydrogen damage (2)
Stress corrosion cracking & Corrosion fatigue (2)
Corrosion-resistant alloy design (1)
Corrosion control (1)

Aioi  http://corrosion.kaist.ac.kr



1. Introduction

1.1 Materials & Environments:

In corrosive environments, life of a structural material is determined by its reaction
with environment.
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FIGURE 1—Ranges of maximum temperatures and times in *Purity
which materials and components need to perform reliably in
important industries.
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1.2 Definition of Corrosion

The destructive attack of a metal by chemical or electrochemical reaction with its
environment. Corrosion returns the metal to its oxidized state or combined state in

chemical compounds that are similar or even identical to the minerals from which the
metals are extracted.

® Agueous corrosion

® Oxidation : 2Fe + 30, = Fe,0s3
® High Temperature Corrosion : Fe + CO;(gas)—> FeO + CO

® Rusting

Zn + 2HCI- ZnCl, + H»
2Al + 3H,O - Al,O3 + 6H*

: 2Fe + 2H,O + O, = 2F€(OH)2 J

2Fe(OH), + H,0 + O, = 2Fe(OH)sd

Mine

Iron ore -

(iron oxide)r

3

Steel mill
Reduction
Refining
Casting
Rotling
Shaping

Figure 1-1 Metallurgy in reverse.
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1.3 Cost of Corrosion

¢ Direct loss :
Approximately 3 - 5% of GNP in developed countries. About 15 - 25% of this expense
could be avoided if currently available corrosion technology were effectively applied.

® Cost of corrosion in U. S. #about $ 276 billion in 2002. 3.1 % of GNP.
® Cost of corrosion to oil and gas producers in U. S. # $ 2 billion that are increasing because of deeper
wells and more hostile env.(500 F, H,S).

® Cost of corrosion in paper industry # $6-7/ton

® Automobile industry # $ 2 billion /yr

® Nuclear industry #$ 0.25 billion /yr in U.S. Average capacity loss factor : 6 ~18% in BWR
5~8% in PWR

¢ [ndirect loss

® Plant shutdown.

® | oss of product.

® Loss of efficiency

® Contamination.

® Overdesign.
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Cost of Corrosion in USA
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Corrosion in Pressurized water reactor




1.4. Electrochemical Nature of Corrosion

Consider what happens when Zn is placed in dilute HCI solution :

Zn + HCIl = ZnCl, + H, : CI- is not involved in the reaction.

Zn + 2H* = Zn?* + H, (1)

Reaction (1) can be separated into half cell reactions :
Zn = Zn%* + 2e" ............. anodic or oxidation reaction : (2)
2H* +2e > Hy ..oounee cathodic or reduction reaction : (3)

During metallic corrosion, the rate of oxidation equals the rate of readuction.

Zinc __’@

ee
O ® ©
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An electrochemical cell consists of the followings :

¢ Electrode : the interface between a metal and a solution across which a
charge transfer results from an electrochemical reaction.

- Anode : the electrode on which an anodic oxidation reaction
occurs.

-Cathode : the electrode on which a cathodic reduction reaction
OCCurs.

¢ Electrolyte : an ionic conductor.
lonic current path

Solution

Anode Metal

Cathode

4

Electron-path
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During corrosion, more than one oxidation and one reduction may occur :

Ex.) Corrosion of Zn in an aerated HCI solution.
« Two cathodic reactions :

Hydrogen evolution in acid sol. : 2H* + 2e- = H,
oxygen reduction in acid sol. : O, + 4H* + 4e- -
2H,0

HCI + O,
solution

» The oxygen reduction simply provides a new means
of electrondisposal, and hence increases corrosion

rate of Zn..
€
* How to reduce the corrosion rate of Zn ?
- removing oxidizer
- coating the surface of metal with paint or
nonconducting film.
- addition of corrosion inhibitor
- Supplying electron to Zn : cathodic protection
B T
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1.5 Forms of Corrosion
Factors affecting forms of corrosion :

Microstructure |<«>| Environment | «| Stress |«| Geometry |«| Time

Hydrogen damage
- Surface cracks
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FIGURE 1.4 Schematic summary of the various forms of corrosion.
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Forms of Corrosion(1)

Vater on outsids War .

Five-year sarvice before perforacion

washer



http://www.corrosion-doctors.org/Aircraft/galvseri-sea.htm

Forms of Corrosion (2)

Stress Corrosion Cracking (SCC) in a U-
bend sample of 316 stainless steel
exposed to Supercritical Water Oxidation
(SCWOQ) environment

Exfoliation in aluminum aircraft alloy




Forms of Corrosion (3)

Corroded reinforced concrete water main

Intergranular SCC of an Inconel heat exchanger tube with
the crack following the grain boundaries
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Forms of corrosion (4)
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