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BASIC ELECTRICITY REVIEW

Three Electrical Quantities – Ohm’s Law 

• I= Current Flow  

• E= Driving Force   

• R= Resistance E(V)

I R





• CORROSION IS THE DETERIORATION OF A 
MATERIAL BY REACTION WITH ITS ENVIRONMENT

• METALS

• POLYMERS

• CONCRETE

• WOOD

• WE WILL BE TALKING ABOUT METALS IN A PIPELINE 
ENVIORNMENT

WHAT IS CORROSION?



• According to a study done by NACE in 2016, the 
annual cost of corrosion across the world is $2.5 
Trillion.

• The study found that implementing corrosion 
prevention could result in a savings of $375-875 
Billion

COST OF CORROSION
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• CORROSION IS THE DETERIORATION OF A 
MATERIAL BY REACTION WITH ITS ENVIRONMENT

• DEFINED AS AN ELECTROCHEMICAL REACTION

• A MATERIALS TENDENCY TO RETURN TO IT’S 
NATURAL STATE

• IN THE CASE OF METAL - ORE

WHAT IS CORROSION?



IRON OXIDE BLAST FURNACE REFINING

PIPE MILL STEEL PIPE

PIPE CORRODING IRON OXIDE

REFINING PROCESS

CORROSION PROCESS

ENERGY CYCLE OF STEEL



• Corrosion cells are composed of the following four basic elements:

• Anode The portion of a metal surface that is corroded from 

which current leaves the metal to enter the solution. 

The point where Oxidation occurs

• Cathode The portion of a metal surface from which current 
leaves the electrolyte and returns to metal.                             
The point where Reduction occurs

• Electrolyte A solution containing Ions that is capable of conducting 
electricity

• Return Circuit Metallic connection between the anode and cathode

WHAT IS CORROSION?



GRAPHITE-ZINC BATTERY

Pitch Seal

Air Space

Carbon and manganese
dioxide mixture

Carbon rod

Protective casing

Electrolyte paste
(ammonium chloride

and zinc chloride)

Zinc

Separator

Negative terminal

Positive terminal





THE CORROSION PROCESS

 ANODE

 CATHODE

ANODE

CATHODE
METAL

OXIDATION
Fe ---> Fe ++ + 2e -

REDUCTION
O2 + 2H2 O + 4e - ---> 4OH -

I a

I c

e -

• ELECTROLYTE

• METALLIC PATH

ELECTROLYTE





• NATURAL CORROSION

• STRAY CURRENT CORROSION

TWO TYPES OF UNDERGROUND CORROSION



• DISSIMILAR METALS

• DISSIMILAR SURFACES

• DISSIMILAR SOILS

• DIFFERENTIAL AERATION

• CINDERS

• STRESS

NATURALLY OCCURING CORROSION





















DISSIMILAR SURFACES









DISSIMILAR SURFACES







DISSIMILAR SOILS



DISSIMILAR SOILS

Sandy Loam Sandy Loam

Anode CathodeCathode

De-icing salts? Fertilizers?

Pavement

Clay



DISSIMILAR SOILS



DIFFERENTAL AERATION



DIFFERENTIAL AERATION





STRESS CORROSION



STRESS CORROSION



Pipe

Metallic Coupling

Lower Stress Area

(Cathode)

Threaded Bolt

Higher Stress Area

(Anode)

Stress Corrosion



• WHY??????
• MUCH MORE CARBON IN CAST IRON (3-4%) THAN IN 

STEEL(1%)

• RETAINS THE ORIGINAL STRUTURE BUT EASILY 
FLAKES OFF

CAST IRON GRAPHITIZATION



• ANAEROBIC BACTERIA

• SULFATE REDUCING TYPE

• CONSUMES HYDROGEN

MICROBIOLOGICALLY INFLUENCED 
CORROSION









• pH Scale: 0-14

• Rate of corrosion increases – below 4

• Rate of corrosion independent – 4-8 

• Rate of corrosion decreased – above 8

pH LEVELS



• SENSITIVE TO STRONG ALKALINE CONDITIONS 
(HIGHER RATE OF CORROSION)

• PART ONE AND PART THE OTHER

• LEAD, TIN, AND ALUMINUM

• STRAY CURRENT CONDITIONS

AMPHOTERIC METALS



• DYNAMIC
• ELECTRIFIED RAILROADS

• TRANSIT SYSTEMS

• MINE RAILROADS

• WELDING OPERATIONS

• STATIC
• IMPRESSED CURRENT CATHODIC PROTECTION

STRAY CURRENT CORROSION



















Directly proportional to the amount of current 
leaving the anodic metal

I = E/R

Where:

• I = Current in Amperes

• E = Voltage in Volts

• R = Resistance in Ohms

RATE OF CORROSION







W = K x I x T

Where:

W = Weight Loss in One Year

K  = Electrochemical Equivalent in Pounds

Per Ampere Per Year 

I   = Corrosion Current in Amperes

T  = Time in Years

FARADAY’S LAW
(RATE OF CORROSION)



COATING

SUBSTRATE

IaIa

HOLIDAYS

ELECTROLYTE





http://www.snopes.com/photos/accident/graphics/gasline1.jpg








QUESTIONS ?


