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Lecture 3: Steel corrosion 

 
Last time, we talked about steel and where the properties 
come from. Now we’re going to learn about how metals 
fall apart. 
 
 

 

How does corrosion work? 
Corrosion is attack. Chemical and electrochemical. (The latter, 
namely electrochemical corrosion is what most of us think of 
when we think of corrosion but pure chemical corrosion where 
reactions occur with a material can and does happen.) 
 
As we think about electrochemical attack: 
Think back to batteries….. 
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(from Wikipedia.) 
 
Potato clock/lemon clock.  
ZnZn2++2e- (anode) 
Cu2++2e-Cu (cathode) 
 
This happens because Zn gives up electrons more easily than 
Cu. Not surprisingly, one can use thermodynamics to explain all 
of this. (For time, we are going to skip this, but intro to materials 
texts on galvanic cells do a beautiful job of getting into this) 
 
Here’s the thing, one doesn’t need to have two dissimilar metals. 
One can also get it because of differences between parts of a 
metal such as an inclusion or grain boundary and the bulk of the 
material. This is something groups like the Navy care a lot about 
because they have lots of stuff that sits in or near water, and salt 
water, in particular, is an amazing electrolyte solution. They 
spend a lot of time thinking about how alloys used in planes and 
boats might corrode over time. 
 
Major types: 
 Uniform attack. Classic chemical corrosion.  
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 Galvanic corrosion. Electrically connected, corrosive media 
and potential difference 
 Pitting—localized attack 
 Crevice corrosion- localized 
 Intergranular—grain boundary 
 Erosion corrosion 
 Fretting corrosion 
 Stress corrosion 
 
Corrosion of Iron as an example 
 
Galvanic corrosion—cathode reaction 
 

 
 
Anodic reaction 

 
 
Salt water is the infamous solution that exacerbates corrosion. 
The chlorine drives the formation of the metal hydroxide. 
 

So, does that mean that if we have steel, we definitely have 
corrosion? There are things we can do to reduce it.  

 
1. Use a more corrosive metal as sacrificial anode. This is 

often done with magnesium that is electrically coupled to 
steel pipes 

2. Drive passivation.  
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1. The most famous of these is stainless steel with the 
addition of chromium. Chromium reacts with the 
oxygen in the water to form Cr2O7

2- ions that are 
reduced in the presence of Fe ions. This leads to a 
passive film that impedes the corrosion reactions 

2. The chromium layer can be penetrated by Cl- ions 
especially at low pH. So low pH salt water is not one’s 
friend with stainless steel 

 

Why some metals rust and some don’t (as readily) 

 Ti and Al form a think oxide layer that prevents further 
corrosion under most (albeit not all) pH etc. 

 Iron forms the oxide layer, but the oxide has a lower density 
than the metal and flakes off. This leads to rust. 

 
This can be described by the Pilling-Bedworth ratio 
 

 
 
W is the formula weight of the oxide 
w is the atomic weight of the metal 
a is the stoichiometric number for the metal from MaOb 

rho M and rho ox are the densities of the metal and oxide 
 
When PB is equal to or slightly greater than 1, a protective oxide 
is likely to form. If PB<1, the oxide tends to be porous. If PB is 
much greater than 1, the oxide tends to spall or flake 
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Stainless Steel 

 
Image from National Afro-American Museum and Cultural Center, Wilberforce, OH 

James Parsons Jr. (1900-1989) did critical research on how 
to stop metals from rusting that led to the development of 
stainless steel. 
A great deal of information about Parsons can be found at: 
https://www.encyclopedia.com/african-american-
focus/news-wires-white-papers-and-books/parsons-james-
jr 
He studied for his bachelor’s degree at RPI after turning 
down an opportunity at the US Naval Academy. (He was 
the first African American admitted ot the Naval 
Academy.) He worked at the Duriron Casting Company 
(Dayton, OH) in the foundry during his Summers. 
Foundry work is incredibly hot and difficult, but it pays 
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well compared to other Summer employment (at least in 
present day terms.) Duriron’s name comes from a high 
silicon containing iron that was used for corrosive 
applications. Parson’s majored in electrical engineering 
with a focus on metallurgy and electrochemistry. Both are 
critical, as you might imagine, for understanding corrosion. 
 
In 1922, following graduation, Duriron hired Parsons as an 
analytical chemist. In 1927, he won the Harmon 
Foundation award in science for his non-corrosive metals. 
His award was presented by Orville Wright, of the Wright 
brothers. 
 
He received 8 patents (6 as the sole inventor) for his 
corrosion resistant systems. In the 1940s, he was the chief 
metallurgist at the Duriron Corp. and ran a lab that 
employed a staff entirely of African American researchers. 
 
He received an honorary doctorate from Wilberforce U. in 
1941.  
 
His work looked at not only how to make iron-based 
alloys chemically resistant but also how to make them 
strong. He also worked on a number of other alloys 
looking at combining chemical resistance with mechanical 
properties. 
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From his patent, Patent Number 1,728,360 

 
“I have found that alloys of iron and silicon, in which the 
silicon content ranges from 9 to per cent, and which are 
relatively weak and brittle and subject to fracture on 
impact and sudden change in temperature, may be greatly 
improved by the use of certain of the carbide forming 
metals in connection with 20 carbon and by the use of 
nickel or cobalt.” 
 
“The carbide forming metals, which I have found suitable 
to add to the alloy are tungsten, vanadium and 
molybdenum, the elements being stated in the order of 
their affinity for carbon, the tungsten and vanadium being 
more suitable for this reason than the molybdenum. It will 
be understood that the three elements may be used in the 
alloy indi-, idually or in combination. The nickel and cobalt 
may similarly be used in the alloy together or separately.” 
 
 

Examples of corrosion in our lives 
Why do we care? When important pieces of steel or other metals 
begin to corrode, it can be dangerous for all of us 
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Aloha Airlines Flight 243 

 
From NSTB. Public Domain 
 

April 28, 1988. Airplanes are made primarily from aluminum 
alloys due to their strength to weight ratio 
 
A small piece of the roof in the cabin broke off leading to a 
larger tear and failure. The flight was to Honolulu from Maui. 3 
round trips had been completed with this plane on this day. The 
NSTB investigated and concluded that the catastrophic failure 
was the result of metal fatigue and crevice corrosion (corrosion 
in a confined space) 

El Paso Incident at Carlsbad, New Mexico. 2000 

Pstrust.org has extensive information on this and other pipeline 
failures.  
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This one drew a great deal of attention in part because people 
were camping near the pipeline and died in the explosion. 
 
The abstract of the NSTB report: 

 
From the NSTB report: 

 
Text directly from the NSTB report: 
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Couple of questions: 
What is cathodic protection? It is a different term for the 
technique of using a sacrificial anode. Essentially, the connection 
between the two makes the cathodic material (the pipeline in this 
case) be more electrochemically stable. 
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So, if that’s the case, what happened that let this pipeline corrode 
so extensively and fail? 
 
Internal corrosion is only caught if one: 
 Visually inspects the inside of a pipe 
 Sees a leak 
 Uses ultrasound to measure the thickness of a pipe 

 
The pipeline was carrying gas and mixed with other pipelines. 
Depending on additives/impurities, the gas can contain things 
like hydrogen sulfide. The only way to detect this is with a 
chemical detector which was not used. Pressure detectors were 
also not present in the pipeline that failed. 
 
When the pipeline was reinstalled, it was designed so it was 
“piggable”—or able to be monitored internally by a system that 
can drive through the pipe. The section that failed had not 
permitted this. 
 


