
Rocky Mountain, WELCOME 

TO CORROSION ïOR, 

REALLY, CONTROL OF!

Electrochemistry and 

Corrosion Protection/

Corrosion Control

(or, How Do We Keep Metal Being 

Good Metal Over Time?)
Add SP0169, CP measurements, graph, etc.

By Cal Chapman, P. E.

NACE-Certified Cathodic Protection Specialist #23357

NCEES Model Law Engineer #35248, Boerne, TX USA



Corrosion Cell Defined

Corrosion of a metal WILL OCCUR if you have 

four elements present:

üCathode

üAnode

üMetallic Path Connecting the Cathode and the 

Anode

üElectrolyte Contacting Both Cathode and 

Anode (completing the electrical circuit)



By the Way, TermsI Despise

Corrosion prevention ï nope, weôre not that good.  We 

minimize corrosion rates, or temporarily stop them.

Ground bed, or Anode ground bed ï what is a ground in 

electricity?  The earth, the negative of DC circuit, and the 

CATHODE!  (Just call it an anode bed.)

Potential ï nope, you almost certainly mean 

Structure-to-Electrolyte Voltage.

üThe pipe-to-soil number is depressed, or too low ï nope, 

you actually mean itôs not negative enough.  Itôs not 

getting enough spare electrons supplied. Itôs too high, too 

positive.  Frame of reference is IMPORTANTFORTHE

PEOPLEWHO DONôT KNOW WHAT WE DO!



Basic DC Electrochemistry, Metal Pipe in Electrolyte

Why does current flow?  A difference in electrochemical 

potential energy (voltage) between two points ï yes, chemical 

and electrical properties of the metal(s).

This single steel bar has cathodic areas (stable metal) and anodic 

areas (higher-energy metal).  Positive DC current flows from anodes 

to cathodes until/unless equilibrium is established.  If reaction 

products go into solution, new metal is continuously exposed, and 

no equilibrium reached.
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One Steel Pipe in an Electrolyte, 

A Complete Corrosion Circuit
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Iron has two electrons in the 

outer-most orbital shell, and 

when they are shared or 

removed, it is in lowest stable 

energy state (FeO, Fe2O3 and 

Fe3O4 are very stable).

Once refined into usable 

metal, those added electrons 

are easily lost through 

corrosion current flow, and 

rust is formed again.  

Cathodic protection supplies 

excess electrons, to offset the 

corrosion current/electron 

loss.  This drives metal more 

electrically negative.

Chemical Reaction To Manufacture Iron and Steel:

Adding lots of energy to iron ore

2FeO + 4 e- Ÿ 2 Fe + O2



Energy Management ï

Yes, Itôs About Energy.

Where does mild steel come from?  Mine the iron 

ore, combine with some carbon, other alloying 

additives, and add lots of heat ï ENERGY.

That added energy is not permanently ñlocked in 

place,ò once it is put into the new steel.  In 

Mother Natureôs math and science, since it has 

been artificially added ï manufactured ï then 

that energy can/will be taken away again.

Most metals we rely on are also refined ores, and 

become susceptible to corrosion, depending on what 

their lowest stable energy states are.



Corrosion Control & 

Basic DC Electricity

ÅOhmôs Law (ALWAYS true for DC) :     

Å Voltage (Volts, V) =  Current (I, amperes, 

A) x Resistance (R, ohms or ɋ)

Å  or V = I x R

 (V is also called ñEò for electromotive force)

If we can measure voltage and current, we can determine 

resistance of one electrical circuit by ñdoing the math.ò  

Or measure voltage and resistance ï then you determine the 

current flowing.



Corrosion Protection for Metal ï

Two Complimenting Methods

First level of corrosion protection is Coatings ï 
DONôT expose metal surface to electrolyte ï really, to the 

environment.  Electrolytes are everywhere! (Soils, water, 

other electrically conducting liquids, etc.)

Second level of corrosion protection is Cathodic 

Protection ï using ANODES to produce protective 

current and apply it to the metal you ARE RELYING ON!

IF METAL IS IN THE ATMOSPHERE, AIR DOES 

NOT CONDUCT ELECTRICITY, SO CATHODIC 

PROTECTION CANNOT WORK.



4-inch Load 

pipeline into a 400-

bbl API-12F crude 

oil tank.

Coat the metal!  

Pipe threads & 

ions in dust wetted 

just by dewfalls 

overnight. 

Temporary 

moisture was the 

electrolyte!

Where was 6 

oôclock on pipe?

Atmospheric corrosion (technically). 

Three years of exposure.  Six inches 

above ground surface.



Some Types of Carbon Steel Corrosion 

(External or Internal)

Å Uniform or General Corrosion

Å  Dissimilar-Metal Corrosion (heard of the ñGalvanic 

Series of Metals?ò)  Aluminum, steel, copper . . .

Å  Pitting Corrosion

Å  Erosion Corrosion

Å  Atmospheric Corrosion

Å  Concentration Cell Corrosion

Å  Differential Aeration Corrosion

Å  Microbially -Influenced Corrosion (MIC)

Å  Crevice Corrosion (Weld bead edges? Mechanical 

joint surfaces?  Cut threads left exposed?)

ÅWhat about types of interference?



87,000-Barrel Crude Oil Tank with Crevice 

Corrosion at Chime/Plate Welds, West Texas

Two Years of Service, poor sealing and coating work.



The Galvanic Series of Metals

From Atlas Specialty, tech note #7; voltage compared to Cu-CuSO4 half-cell.  Unshaded boxes are metals in acidic water.

Voltage of

 a Cu/Fe battery



Corrosion Control for Carbon Steel

Basic DC Electrochemistry

Voltage in volts (V); current measured in amperes (amps or A); 

resistance measured in ohms (Ý).

If one amp of DC current flows through and off of a steel or 

ductile iron (DI) structure for one year,how much metal loss 

occurs in that year?

  A) 21 ounces

  B) 21 grams

  C) 21 pounds

Whatôs your pick?  Keep in mind that one amp is equal to the 

flow of 6.24151 x 1018 electrons in one second, past a certain point!



A Dissimilar-Metal Story
416 Stainless Steel Pipe String showed aggressive external corrosion 

after three years in use.  Artesian water flow, no pumping. 



No outside DC or AC power sources identified.

Copper Ground Conductors on Enclosure Racks Tied to 

Dedicated Copper Ground Ring Around Wellhead

Test
Current Flow from Ground to 

Pipe thru Cu (A DC)

Potential at Well Piping 

(V DC)
Remarks

1 1.70 -0.167 Southern Ground Disconnected

2 0.91 -0.237 South Central Ground Disconnected

3 0.46 -0.335 North Central Ground Disconnected

4 0.04 -0.670 Northern Ground Disconnected



Copper system bonded to exposed steel.  (How 

extensive a system?)

Electrochemical battery of 0.2 volt DC.  Current 

flow of 1.7 A DC.  Resistance of about 0.11 ohm. 

Corrosion would continue for how long?



Water Filtration/Settling Tanks at Surface 

Water Treatment Plant (no coated surfaces)



How Many Kinds of Corrosion Here?

An aluminum weir plate in settling tank.
(1) Steel washers, bolts/nut assemblies used to join aluminum plates with no isolation 

spacers.  (2) DI & steel pipes tied to aluminum chamber body become cathodes. (3) 

Water oxygenation by aeration/moving alum and debris flocs, and with technicians 

jetting the chamber walls frequently.  Aluminum surfaces get chemically depolarized 

outside of pH 4 to about 8.5 range.  pH more alkaline with alum additions.

Pitting

Rounded metal loss 

pattern; multiple 

reasons for it.

Pitting

Major metal loss



See any corrosion?

Some concentrated corrosion is taking place.  Why?



Corrosion Concerns?

Welded Steel Fire Water Pipeline System Across This Site.

(Leaking Water Lines Donôt Help Fight Fires.)

Pipe Racks Tie Everything Together 

(Copper Grounding, Structural Steel, 

Pipeline Metals, Etc.)



Corrosion Protection
(External and Internal Possible)

What is a Coating? ï A material used on metal surface to 

retard an electrical currentôs flow ïit must be a good electrical 

insulator.  Concrete and mortar mix are not considered great-quality 

ñcoatings,ò though they are often used on water pipelines.  (And 

theyôre better than leaving metal bare.)

ÅCoatings may be as simple as paint, or a tape wrap, or a 

combination of a primer coat followed by a tape wrap.  

ÅThe coating might be a mastic material smeared onto all the 

exposed metal surface.  

ÅThe best-quality pipeline coating available is calledñfusion-

bonded epoxyò (FBE) ï a mix of two resins that, when combined, 

form a very strongly adhered layer, extremely hard to chip or 

break.  This FBE is also slightly water-permeable, meaning CP 

current can pass through it when needed.



Applying Coatings ï Putting a coating on pipe or a fitting ï 

When does it happen?  Where does it happen?  How does it get 

done?

ÅPreparation for coating ï you need clean, prepared surfaces, 

the right environment for the coating application, and 

qualified people applying the coating.  

ÅCoatings donôt go on in rainy weather or high-humidity 

conditions (true for almost all coatings). 

ÅThey donôt go on in really cold weather.  And they may not 

transport or handle well ONCE APPLIED.  How much cure 

time is needed for each coating?  How many coats needed?

Å If coating work is done poorly, what next?  You need larger

and stronger cathodic protection system(s).

Corrosion Protection



Water Ground Storage Tank Internals



Water Tank 

Internals, As 

Found

Raw Water Tank #1 had not 

been cleaned in many years.  

Water supply from well into 

local aquifer.



Water Tank Internals, As Exposed(No coatings)

Severe Corrosion Attack under Anoxic Mud Layer, Microbes, Etc.



Opportunities to Recoat?

For above-grade structures, coating inspections 

are vital over time.  Coating damage can be 

identified, and remedy/re-coat plans put together 

and executed.

For below-grade assets (pipelines, usually), the 

chance to recoat is almost never available.  Some 

survey types are available to evaluate below-grade 

coatings.  But repair or replacement of coating is 

very costly in these situations.

What about corrosion under insulation?  Many 

industrial facilities insulate hot vessels and pipes.



Steel Surface Preparation for Coating Work

SSPC & NACE Carbon Steel Surface Cleanliness Chart



Water Tank Internal Rehab

Cut out and replaced some floor metal, blasted all surfaces, then coated 

with new high-build material.  Service life extended.  Investment.



Corrosion Protection Work Steps

Use Coatings ï VITAL as the first ñline of defenseò 

against corrosion.  Used to break the electrical connection 

between metal surface and the electrolyte, over as much 

surface area as PRACTICAL.  AND THE ONLY 

PROTECTION ABOVE-GRADE.

Use Cathodic Protection (CP) as complementary 

protection BELOW GRADE (IN THE ELECTROLYTE), 

with coatings.

Isolation fittings ï used to break the electrical connection 

between different metallic structure sets. Cathodic 

protection is then applied to KNOWN amount of metal 

SURFACE AREA, in a ñclosed systemò type of approach.



Electrical Isolation Fittings

Spark Gap Device for 

Fault Current Transfers 

Across the Isolation 

Monolithic Isolating Union 

On Large-Diameter Pipeline



Isolations?  Yeah, we got óem!

But isolation flange set is shorted by other metal structures, highlighted.



Keeping up with coatings . . .

San Francisco Bay/moist air, salt spray, with exposed metal. 

Air to end-seal interface, for possibly aggressive corrosion.



Cathodic Protection

Do coatings deliver corrosion control for assets in 

underground service?  Submerged service?

Not by themselves ï they donôt last forever.  A coating is in 
best shape the first day on the job.

ÅCoatings age; they break down with moisture and 

temperature cycles, soil conditions, biological effects, etc. 

ÅCoatings are never applied perfectly.  They have defects, 

known as ñholidays.ò  These holes in the coating are present 

from beginning of job;

ÅLeading cause of coating issues is third-party damage, 

AFTER structure is installed.  Who prevents this?  How?

Cathodic protection is the backup plan for coatings.



Galvanic Anode CP Systems

Galvanic (or Sacrificial) Anodes ï of Magnesium, 

Aluminum or Zinc (chosen by application)

Special Backfills A Must ï the anode metal is placed 

within a bag containing special mix of sodium sulfate, 

bentonite, maybe other select powders; outside the bag, 

use native, non-rocky material of good electrical 

conductivity.  Water must be added to wet specialty 

backfill around each anode during install process.

Galvanic (Sacrificial) Anode System ï requires pre-

packaged anodes that are connected, by cable through a 

dedicated test station, to the structure(s) needing 

protection.



Galvanic Anode CP System Sketch

Ions

Remember, V = I * R.  How much resistance can V overcome?  

Which way does the current travel?  (Trick question.)

3, metal path

1

2 4, electrolyte



Galvanic Anode CP System Example

On Valves and Fittings Only 

(PlasticWater Line Pipe)

Wires come up to 

join at test station, 

out of view to right

White wires bond multiple 

structures together.

Black wires are 

anode leads.

Blue is tracer wire joining plastic 

pipes, for locating purposes.


