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Corrosion Cell Defined

Corrosion of a metalVILL OCCUR if you have
four elements present:

U Cathode
U Anode

U Metallic Path Connecting the Cathode and the
Anode

U Electrolyte Contacting Both Cathode and
Anode (completing the electrical circuit)



By the Way, Terms$ Despise

Corrosionpreventioni n o p e , weodOre no
minimize corrosion rates, or temporarily stop them.

Ground bedor Anodegroundbedi whatis a ground in
electricity? Theearth,thenegativeof DC circuit, and the
CATHODE! (Just calit ananodebed.)
Potential i nope, you almost certainly mean
Structure-to-Electrolyte Voltage.

U The pipeto-soil number Is depressed, or too [bwope,
youactuallymeam t 6s not negat.i \

getti ng enough spare el e

positive. Frame of reference iIs IMPORTANHORTHE
PEOPLEWHO DONOT KNOW WHAT



Basic DC Electrochemistry, Metal Pipe in Electrolyte

4
hr

Electrolyte

Cathodic Ar

Cathodic Area

CoMosion Current

Metal Surface
3, path

Why does current flow? A difference in electrochemical
potential energy (voltage) between two points yes,chemical
and electrical propertiesof the metal(s).

2 Anodic Area

This single steel bar has cathodic areas (stable metal) and anodi
areas (higheenergy metal).PositiveDC currentflows from anodes
to cathodes until/unless equilibrium is establishiédeaction

products go into solution, new metal is continuously exposed, an
no equilibrium reached.



OneSteelPipe in an Electrolyte,

A Complete Corrosion Circuit
Water=H,O0 Oxygen=0, Atomic Hydrogen =H

Molecular Hydrogen = H,

Hydrogen lon =H*
Hydroxyl lon = OH-

Oxygenisa problem

Cathodic Ar

becomes

Electrolyte

Colosion Current

XH,O
Catzh-:&diu: Area

2H"

/ e € e
2€ /. Metal Surface/Path

egative Current

Anodic Area




Chemical Reaction To Manufacture Iron and Steel:

Iron has two electrons in the 2FeO+4eY 2 Fg + O
outer-most orbital shell, and
when they are shared or
removed, it is in lowest stable
energy state (FeO, F£; and
Fe,O,are very stable).

Adding lots of energy to iron ore

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. :




Energy Managementi

Yes, | t O0s About

Where does mild steel come from? Mine the iron
ore, combine with some carbon, other alloying
additives, and add lots of heai ENERGY.

That added energyisnoper manent | vy
placeo once it is put into the new steel. In

Mot her Natureos mat h a
been artificially added’ manufacturedi then
that energy can/will be taken away again.

Most metals we rely on arealso refined oresand
become susceptible to corrosion, depending on what
their lowest stable energy states are.



Corrosion Control &
Basic DC Electricity

A Oh mod s (ALwavy®irue for DC)

A Voltage (Volts, V) = Current (I, amperes
A) X Resi stance (R

A orV=IxR

(Visal s o c afbr elecoiomatitzedorce)

If we can measure voltage and current, we can determir
resi stance of one el ectr.

Or measure voltage and resistandben you determine the
current flowing.



Corrosion Protection for Metal 1
Two Complimenting Methods

First level of corrosion protection is Coatings
DONOT expose nlectroytel really,tdthee c
environment. Electrolytes are everywhere! (Soils, wate
other electrically conducting liquids, etc.)

Second level of corrosion protection is Cathodic

Protectioni using ANODES to produce protective
current anchpply it to the metal you ARE RELYING AN

IF METAL IS IN THE ATMOSPHERE, AIR DOES
NOT CONDUCT ELECTRICITY, SO CATHODIC
PROTECTION CANNOT WORK.



Atmospheric corrosion (technically).
Three years of exposure. Six inches

4-inch Load above ground surface.
pipeline into a 400
bbl API-12F crude

oll tank.

Coat the metal!

Pipe threads &

lons in dust wetted
just by dewfalls
overnight.
Temporary

moisture was the
electrolyte!

Where was 6

o0cl ock on




Some Types of Carbon Steel Corrosion
(External or Internal)

Uniform or General Corrosion
Dissimilar-Me t a | Corrosion ( hece
Series of Metal s?0) A

Pitting Corrosion

Erosion Corrosion

Atmospheric Corrosion

Concentration Cell Corrosion
Differential Aeration Corrosion
Microbially -Influenced Corrosion (MIC)

Crevice Corrosion (Weld bead edges? Mechanical
joint surfaces? Cut threads left exposed?)

A What about types of interference?

Do To To Do To o Do Io o



87,0006Barrel Crudalil Tankwith Crevice
Corrosion at Chime/PlaMelds West Texas

.y

Two Years of Service, poor sealing and coating work.



The Galvanic Series of Metals

0.2 O -0.2 -0.4 -0.6 -0O.8 -1.0 -1.2 -1.4 -1.6

Oltage Of 1 N!agnesium -
Zinc

a Cu/Fe batter

L] Bervilium
(| Aluminium allovs

LoV SN
— A ustenitic cast iron
Aluminium bronze
Naval brass, vellow brass & red brass

SO75 = in solder
A dmiralty brass, aluminium brass
Manganese bronze
Silicon bronze
1 Stainless steel - grades 410, 416
Nickel silver
90/10 copper nickel
S0/20 copper nickel
[ 1 Stainless steel - grade 430
' Lead
TO/30 copper nickel
Nickel aluminium bronze
—— Nickel chromium alloy 600
Nickel 200
Silwv
tainless steel - grades 302, 304, 32
Nickel copper alloys - 400, KS00
—/ Stainless steel - grades 316 & 317

Alloy 20 stainles

Nickel iron chromium alloy 825
Titanium

IIIIIIIII!]3I|

347

_ Gold., platinum
— Graphite
4 MOST NOBLE CATHODIC LEAST NOBLE - ANODIC »

From Atlas Specialty, tech note #7; voltage compared t€ €804 haHcell. Unshaded boxes are metals in acidic wate



CorrosionControl for Carbon Steel
Basic DCElectrochemisty

\Voltage in volts (V); current measured in amperes (amps or A
resistance measured in ohnY9 (

If one amp of DC currerfitows through anaff of a steel or
ductile iron (DI) structurdor one year,how much metal loss
occurs In that year?

A) 21 ounces
B) 21 grams
C) 21 pounds

What 0s your pick? K egaapto then |
flow of 6.24151 x 1& electrons in one second, past a certain poil



A Dissimilar-Metal Story

416 Stainless Steel Pipe String showed aggressive external corro
after three years in use. Artesian water flow, no pumping.
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No outside DC or AC power sources identified.
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Copper Ground Conductors on Enclosure Racks Tied to

Dedicated Copper Ground Ring Around Wellhead

Current Flow from Ground t Potential at Well Pipinc

Test Pipe thru Cu (A DC) (V DC) REUEILE
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 0f0.2 voltDC. Current
flow of 1.7 A DC. Resistance of about 0.11 ohm
Corrosion would continue for how long?
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Water Filtration/Settling Tanks at Surface
Water Treatment Plant (no coated surface




How Many Kinds of Corrosion Here?

pattern; multiples
reasons for it
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An aluminum weir plate in settling tank.

(1) Steel washers, bolts/nut assemblies used to join aluminum plates with no isol
spacers.(2) DI & steel pipes tied to aluminum chamber body become cathodes. (
Water oxygenation by aeration/moving alum and debris flocs, and with technicia
jetting the chamber walls frequently. Aluminum surfaces get chemubaiiglarized
outside of pH 4 to about 8.5 range. pH more alkaline with alum additions.




See any corrosion?
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Some concentrated corrosion is taking place. Why?



Corro

sion Concerns?

Welded Steel Fire Water Pipeline Sym Ars Bhies
(Leaking WatelLinesD o nHelp FightFires)




Corrosion Protection

(External and Internal Possible)

What is a Coating?i A material used on metal surface to
retard an el e cititmuscba & goadelectriean t o
Insulator. Concrete and mortar mix are not considered egaatity
Nncoatings, o though they are o
theyore better than | eaving n

A Coatingsmay be as simple as paint, or a tape wrap, or a
combination of a primer coat followed by a tape wrap.

A The coating might be a mastic material smeared onto all the
exposed metal surface.

A The bestguality pipeline coatingwvailableis calledii f us i o n
bonded (FBR)®xmngioof two resins that, when combinec
form a very strongly adhered layer, extremely hard to chip or
break. This FBE is also slightly watpermeable, meaning CP
current can pass through it when needed.




Corrosion Protection

Applying Coatingsi Putting a coating on pipe or a fittiiig
Whendoes it happen? Where does it happen? How does it get
done?

A Preparation for coatingi you need clean, prepared surfaces,
the right environment for the coating application, and
gualified people applying the coating.

ACoatings don6t go o nhumidity r a i
conditions (true for almost all coatings).

AThey donét go on in really
transport or handle well ONCE APPLIED. How much cure
time Is needed for each coating? How many coats needed?

A If coating work is done poorly, what next? Yowneed larger
and stronger cathodic protection system(s).
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Water Tank
Internals, As
Found

- .‘*‘*~Am-—‘n‘* i i, o e i

Raw Water Tank #1 had no

been cleaned in many year

Water supply from well into
local aquifer.



Water Tank Internals, ASXposedno coatings)

Severe Corrosion Attack und&noxic Mud Layer, Microbes, Etc.



Opportunities to Recoat?

For abovegrade 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 belograde
coatings. But repair or replacement of coating Is
very costly in these situations.

What about corrosion under insulation? Many
iIndustrial facilities insulate hot vessels and pipes.



Steel Surface Preparation for Coating Work

Brush Off Industrial

& SSPC SP7 SSPC SP14
UER NACE No.4 NACE No.8 NACE No.3
8 S05a 1 IS0 —- 10 SA 2

ISO SA 2112

up to 15%
stains, shadows % ;

Loose Material None None

TP RIS A O VAT RIS | o UL AT W

Tight Material 100% up to 10% None

100% 100% up to 33% up to 5% None

T Y

Stains, Shadows

.

SSPC & NACE Carbon Steel Surface Cleanlmess Chart



Water Tank Internal Rehab

AT AR IS

ot

Cut out and replaced some floor metal, blasted all surfaces, then ¢
with new highbuild material. Service life extendethvestment.




Corrosion Protection Work Steps

Use Coatings VI TAL as the first
against corrosion. Used to break the electrical connect
between metal surface and the electrolyte, over as mux
surface area as PRACTICAIAND THE ONLY
PROTECTION ABOVEGRADE.

Use Cathodic Protection (CPas complementary
protection BELOWGRADE (IN THE ELECTROLYTE)

with coatings.

Isolation fittings T used to break the electrical connectic
between different metallic structure s&isthodic
protection is then applied to KNOWN amourftmetal
SURFACE AREA, Il n a Ncl ose




Electrical Isolation Fittings

Monolithic Isolating Union
On Large-Diameter Pipéeline -




N

~Azimuth and Bearing |

133° SA3E

But isolation flange set is shorted by other mstalctures, highlightec




~ Keeping up with coatings . . .

San Francisco Bamoist air, alt spray, with exposed metal
Alir to endsealinterface, for possibly aggressive corrosio




Cathodic Protection

Do coatings deliver corrosion control for assets in
underground service? Submerged service?

Not by themselvest hey dono6t | ast foc
best shape the first day on the job.

A Coatings age; they break down with moisture and
temperature cycles, soil conditions, biological effects, etc.

A Coatings are never applied perfectly. They have defects,
known as Aholidays. o These

from beginning of job;

A Leading cause of coating issues is thirgarty damage,
AFTER structure is installed. Who prevents this? How?

Cathodic protection is the backup plan for coatings.



Galvanic Anode CP Systems

Galvanic (or Sacrificial) Anodésof Magnesium,
Aluminum or Zinc (chosen by application)

Special Backfills A Must the anode metal is placed
within a bag containing special mix of sodium sulfate,
bentonite, maybe other select powders; outside the b:
use native, nomocky material of good electrical
conductivity. Water must be added to wet specialty
backfill around each anode during install process.

Galvanic (Sacrificial) Anode Systeihrequires pre
packaged anodes that @ennected, by cable through a
dedicated test station, to the structure(s) needing
protection.




Galvanic Anode CP System Sketch

m, metal path

' 4. electro
Notal
e
(Anode) 1
Protected
Metal
(Cathode)

Remember, V =1* R. How much resistance can V overcome
Which way does the current travel? (Trick question.)



Galvanic Anode CP System Example Wires come up to
On Valves and Fittings Only join at teststation,
: : : out of view to right

(Plastic Water Line Pipe)

Black wires are
anode leads.

White wires bond multiple
structures together.

Blue is tracer wire joining plastic
pipes, for locating purposes.



