New Corrosion Protection System Extends the Life of Concrete Structures

Eliseo Conciatori
Vector Corrosion Technologies
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e Corrosion and Cathodic Protection Basics

e 1800 -1943 - Origins & Early Years

e 1959 - Impressed Current Cathodic Protection
e 1987 - Electro-chemical Treatments

e 1999 - Galvanic Anode Systems

e 2018 — The Future and New Corrosion Protection
Systems

e Summary
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Presenter
Presentation Notes
Although the title of presentation is about new corrosion protection systems.  I thought I’d first take you through some corrosion basics as well as the history of cathodic protection.


The Nature of Corrosion

e Corrosion is a natural electro-chemical
process involving the passage of current
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Presenter
Presentation Notes
We all know that Corrosion is the #1 cause of concrete deterioration far and beyond all other deterioration mechanism’s combined.  It’s a rather large opportunity for all of here in this room.
Corrosion is a natural electo-chemical process that involves the passing of energy or current
There are only a handful of pure metals that are found in nature…That would be like gold, and sometimes silver and copper.
When we dig iron ore out of the ground it looks like a red rust covered material and it is electro-chemically stable.
To make steel we have to invest energy into iron ore in the form of heat and that effectively traps an elevated level of energy in that material that wants to be released
Corrosion is the process by which it gives up that elevated energy when steel interacts with the environment (water, oxygen, etc.)


Steel, Concrete and Corrosion

The highly alkaline environment of concrete
passivates and protects embedded steel

But remember concrete is like a sponge.
Keeping water and contaminants out is key!
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Presenter
Presentation Notes
The environment steel is placed in matters.
When we embed steel in concrete the highly alkaline make up of the cement paste causes a stable, dense oxide film to form on the steel that protects it from corrosion.  This layer puts the steel in a “passive” non-corroding state.
However, as concrete is like a sponge it will absorb moisture and that moisture often carries aggressive corrosion causing contaminants such as chlorides.
The most economical way to extend the service life of concrete structure is to keep water and contaminants out by maintaining primary protective systems such as coatings/membranes and bridge joints…..Or just plain good adequate cover.
Chlorides are the primary cause of corrosion in reinforced concrete structures
They attack and degrade the protective oxide film on the steel.  
And Chlorides are never consumed, they can only be removed.
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Presenter
Presentation Notes
- In this collage of photos, you can see that Corrosion is everywhere from bridges to marine structures, industrial facilities and parking garages.
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Presenter
Presentation Notes
I’m sure some of you have seen this slide.  But it remains very useful in understanding corrosion of reinforced steel in a chloride contaminated environment.   When steel is placed in a highly alkaline environment such a fresh concrete, a highly passive layer is formed on the steel surface.  When fully established and well maintained, this passive layer prevents further corrosion of the steel…..NEXT SLIDE.  But when steel is subject to a very low pH environment such as chlorides…..NEXT SLIDE.  The passive layer begins to break down and this is where corrosion begins.  This could take up to 25 years to initiate…..NEXT SLIDE.  As the passive layer breaks down, the steel corrodes and gives up electrons…..NEXT SLIDE.  This is the anodic reaction.  But these electrons must be consumed elsewhere on the steel in order to preserve electrical neutrality.  These electrons are consumed at the cathodic reaction…..NEXT SLIDE.  As this is happening, hydroxyl ions are being generated at the cathode resulting in strengthening of its passive layer…..NEXT SLIDE.   As this corrosion cell continues over the next 3 to 7 years, the expansive forces of the corrosion eventually causes cracking and spalling of the concrete and potential section loss of the reinforcing steel. 
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Presenter
Presentation Notes
Here’s a pretty good photo of the reaction between the anodic site & the cathodic site.


Types of Electro-Chemical
Corrosion Protection Systems

e They work by applying current to reinforcing steel in order
to overcome the corrosion process or change the
environment around the steel

e Impressed Current Systems: D.C. power makes electrons
flow from anode to reinforcement (cathode)

e Electrochemical Treatments: Temporarily apply current to
change the environment and chemistry around the steel

e Galvanic Systems: Sacrificial metal corrodes to provide
continuous source of electrons
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System Requirements

* Electrical connection to the steel

e Electrical continuity of the steel you wish to
protect

e Steel must be embedded

e Steel can not be isolated inside non-conductive
ducts or by non-conductive layers. lonic current
needs to be able to get to the steel to be
protected.
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1800 — Origins of Cathodic Protection

Luigi Galvani Alessandro Volta
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Presenter
Presentation Notes
Okay, so now we’re going take you through some history:
- Luigi Galvani, an Italian Physician, Physicist and Biologist discovered the electro-chemical process (transfer of current through liquid/tissue) that underpins a corrosion cell in an experiment with a dead frog where he inadvertently connected two different metals in contact with the frogs tissue which caused the leg to twitch as if it were alive…..NEXT SLIDE
- Alessandro Volta, an Italian Physicist and Chemist and pioneer of electricity and power is credited as the inventor of the battery.  He furthered Galvani’s research when he discovered the electro-potential difference (voltage difference) between two metals that causes current to flow and forms a corrosion cell.


1824 - Sir Humphry Davy

e Cornish chemist,
inventor and pioneer of
Cathodic Protection

* First Application of CP
financed by the British
Navy

* Succeeded in
protecting copper
sheathing using iron
and zinc
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Presenter
Presentation Notes
Sir Humphry Davy was a Cornish chemist and inventor who is widely considered the father of cathodic protection.
Fun fact: Davy experimented with nitrous oxide and coined the term “laughing gas”.  The British Navy wanted to know why copper sheathing on their ships was failing and even dissolving and consulted Davy.  A committee of the Royal Society was formed and Davy proceeded to conduct experiments with dissimilar metals like zinc and iron attached to the ship hulls.
It’s from those experiments, that Modern cathodic protection was born.


1834 — Michael Faraday

e Student of Sir
Humphry Davy

e Discovered the
relationship between
corrosion metal
weight loss and
electric current
transfer
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Zinc Anode
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Presenter
Presentation Notes
Davy’s treatment of corrosion on ship hulls is very similar to the way we protect propeller shafts today.  


1943 — National Association of
Corrosion Engineers (NACE)

‘u._
* Founded by 11 corrosion S 'y NACE
1_ /i

engineers from the pipeline w* INTERNATIONAL
industry

?5lh Anniversary 1943 - 2018

e Established and maintained
standards for Cathodic
Protection

* Nearly 36000 members today
in 130 countries
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Presenter
Presentation Notes
In the early 1900’s, little was known of the science of corrosion control, but by the 1930’s  the field had progressed and there was widespread use of cathodic protection to protect underground pipelines.  With no accepted standards for installation and maintenance of CP systems it was like the wild west and there was concern about the potential negative impact (stray current) of CP systems on adjacent structures.  This lead to the founding of NACE in 1943.


1959 - Cathodic Protection, Concrete
and Dick Stratfull

e Pioneered Cathodic Protection in concrete
structures as a materials engineer with
Caltrans

e First small scale experiment on bridge beam
in 1959

* First large scale field trial on the Sly Park
bridge deck in 1972

e Trials borrowed Impressed Current Cathodic
Protection techniques from the pipeline
sector
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Presenter
Presentation Notes
In 1959 Dick Stratfull pioneered the first small scale ICCP system on a bridge.


1972 - Impressed Current Cathodic
Protection Systems
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Presenter
Presentation Notes
Here’s a schematic of an early ICCP system….The basic concept remains the same to this date.  Except with much improvements in the components, the monitoring as well as a whole lot of other bells & whistles.


~ Early Years - Conductive
Overlays
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Presenter
Presentation Notes
The first ICCP systems for concrete structures were conductive asphalt overlays.  Cast iron high silicon “pancake anodes” (primary anode) were place on or recessed into the bridge deck a spacing around 10 feet apart and wired to the rectifier.  The anodes were then covered in a layer of conductive asphalt (secondary anode) where the aggregate has been replaced with coke breeze a carbonaceous material that is commonly used as a backfill material for soil ICCP systems.  These systems worked reasonably well, but the pancake anodes would corrode over time and cause cracking because while cast iron is corrosion resistant it is not inert.  Also, the conductive asphalt had to be replaced as the conductive carbon component of the material would be consumed over time.



Early Years — Conductive Polymer
Slotted Systems
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Presenter
Presentation Notes
The next generation of ICCP systems consisted of slots cut into bridge decks where a primary anode lead wire (platinum-clad niobium wires) from the rectifier was embedded in a conductive polymer. The polymer was similar to the conductive asphalt as it was carbon based.  Again, these systems worked reasonably well for a short period of time, but encountered the same problems as conductive asphalt overlays because of acid generation at the interface between the conductive polymer and the concrete when too high current density was passed to the steel.



= Early Years — Conductive Coating
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Presenter
Presentation Notes
The first use of Arc Spray Zinc as an ICCP conductive coating was in Oregon. At the time the pioneers had not come up with the idea of using humectant to keep the zinc corroding so they used a rectifier and applied a higher voltage to push current through the coating and force the zinc to corrode.  Eventually pioneers like Jack Bennett started employing ASZ in marine environments allowing the chloride rich environment to activate the zinc without the use of a rectifier.  Around the same time, conductive coating/ICCP systems came on the scene. 
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Presenter
Presentation Notes
On the left is a Titanium Mixed Metal Oxide Mesh anode being installed in a concrete overlay for an ICCP system
On the right is Titanium MMO ribbon being installed into slots on a marine pile cap with grout




~ Modern Discrete Anode Impressed
Current Cathodic Protectlon System

Permanent

e Qutside power source
required

DC Power
Supply

* High level of control

.......
.

e System monitoring
and maintenance
required

ooooooo
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Presenter
Presentation Notes
Then came along “discrete anode”  ICCP systems .  So instead of the mesh or ribbon you saw on the previous slide, these systems use drilled in discrete (inert) anodes.  These are popular for masonry cladded steel structures or typical steel reinforced concrete structures.
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Presenter
Presentation Notes
This is a copper mine storage and loading facility in Chile. A discrete anode ICCP system was used to deal with the Chloride contaminated concrete platform.



Impressed Current Cathodic Protection

Advantages of ICCP
— Long term solution (+50 years)

— Adjustable level of protection

— Able to re-passivate steel FonsChn:
Lessons Learned

— Requires detailed design and careful installation

— Requires specialized materials and equipment

— Continued ongoing monitoring & maintenance for life of system
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1987 — Electro-Chemical Treatm:ents_r

 Pioneered in Norway
e 15t Re-alkalization commercial

trial in 1987
e 15t Electro-Chemical Chloride &
Extraction commercial trial in

1988

e 1t North American ECE
Project in 1989 for the MTO.
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Re-Alkalization

Draws highly alkaline electrolyte (sodium or potassium
carbonate) to the reinforcing steel

Restores lost alkalinity to carbonated concrete

Alkalinity around reinforcing steel is maintained over
time, will not re-carbonate

Lower cost, less disruptive than mechanical removal and
replacement of carbonated concrete

Treatment time of between 3-7 days
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Presenter
Presentation Notes
Bullet point 4….Could be lower cost depending on the application and access.
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Presenter
Presentation Notes
This building @ Regan National Airport was built in 1941
Considered “Last Word” in Airports
Cracking, Spalling and Carbonated
50 Year Repair (low maintenance)
Considered Various Options
Re-Alkalization (34,000 ft2)
Chloride Extraction (1,895 ft2)



Electrochemical Chloride Extraction (ECE)

e Addresses the cause of corrosion
e Chloride levels are significantly reduced
e Alkalinity is increased at the level of the steel

* Reinforcing steel is returned to a passive, non-
corroding state

e Treatment time of between 4-8 weeks
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Electrochemical Chloride Extraction (ECE)
From Chloride Contaminated Concrete

Temporary ~ Conductive

Anode / Media
DC Power

Source wm
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Electrochemical Chloride Extraction (ECE)
From Chloride Contaminated Concrete

Temporary ~ Conductive

Anode / Media

Current paths

DC Power
Source

— Concrete
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Electrochemical Chloride Extraction (ECE)
From Chloride Contaminated Concrete

Temporary ~ Conductive

Anode / Media

Current paths

DC Power
Source

— Concrete
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Electrochemical Chloride Extraction (ECE)
From Chloride Contaminated Concrete

Temporary ~ Conductive

Anode / Media

Current paths

DC Power
Source

v ¥ Concrete
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Presenter
Presentation Notes
12th St. Viaduct in KC completed in 2005.


Lessons Learned - ECE

* Highly effective method of extending service life
without altering aesthetics

 Employed on structural elements that can be
taken out of service for the length of treatment

e Can be very cost effective, depending on the
application.
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1999 - Galvanic Systems

e Discrete Galvanic Anodes (Type 1&2)
e Distributed Anode Systems (DAS)
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1999 — Type 1 Discrete Galvanic
Anodes used in Repairs
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Halo Effect

Underside of Parking Deck
Washington, DC
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Presenter
Presentation Notes
These discrete or “patch” anodes were used mainly to mitigate the “Halo effect”, or Patch accelerated corrosion.  I’ll explain more in the next few slides.


Leicester Bridge,
1999
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Presenter
Presentation Notes
The first monitored application of discrete galvanic anodes was at the Leicester Bridge in the U.K.


Leicester Bridge Beam Repair

— Completed in 1999
— Monitored for 18 years (Each Anode)
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Galvanic Current vs Time, 1999 to 2014
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Patch Accelerated Corrosion

??(I Sride/Cofn Wf 2/? e Chloride-Free Patch
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Presenter
Presentation Notes
In this illustration you have a chloride-free patch next to an existing chloride contaminated concrete…..NEXT SLIDE(3X’s).   The chloride contaminated concrete has the reinforcing steel with the higher potential and therefore becomes the anode.  The steel in the new patch and the lower mat steel will have lower potentials and thus becoming the cathode…..NEXT SLIDE.  So once again, the electrons will flow from the higher potential to the lower potential and corrosion will initiate….NEXT SLIDE.



Type 1 Discrete Anode Installation

/C loride 74\}&74 /a/t?ﬂ /Q/ y/cr/e‘f Chloride-Free Patch
T e e

h
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= _ Anode Galvanicaty Protects
. Surrounding Rebar-
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2001 - Type 2 Discrete Galvanic
Anodes in Sound Concrete

e Embedded anode for
corrosion control

¢ Installed into drilled
holes

e Protect sound but
contaminated areas

e Corrosion “hot spots”

-\';: INTERNATICOMAL

- CONCRETE REPAIR 2018 Spring Convention | EIIEI‘FIBEIIIIIJtiCIFIE | April 11-13 | San Francisco
IMNETITUTE




¥ | NS T

Type 2 Discrete Anode Installation
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Presenter
Presentation Notes
Drilled in anodes come in different sizes and weights of zinc cores.…..NEXT SLIDE.



Type 2 Discrete Anodes in
Structural Slab Repair
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Presenter
Presentation Notes
This a parking garage in Manhattan that had very high chloride thresholds, but no real sign of concrete deterioration.  So the drilled in anodes made for a cost-effective solution.


2003 - Distributed Anode Systems
(DAS) in Galvanic Encasements

e Large custom galvanic anodes distributed throughout large repair
areas to provide a high level of protection and long service life.

Bridge Column Jacket
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Lessons Learned with Galvanic Cathodic Protection

e Proper design is required

e Local and Distributed systems
e Self regulating current flow

* Low maintenance

e Relatively simple installation
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“' Technical Standards for Electro-Chemical

Corrosion Protection Systems

e |ICRI Guideline No. 510.1-2013 (Guide for Electrochemical
Techniques to Mitigate the Corrosion of steel for reinforced
Concrete Structures)

e ACI RAP Bulletin 8 (Installation of Embedded Galvanic Anodes)

e FHWA Bridge Preservation Guide

e NACE SP0216-2016 (Sacrificial Cathodic Protection of Reinforcing
Steel in Atmospherically Exposed Concrete Structures)

e NACE SP0290-2007 (Impressed Current Cathodic Protection of
Reinforcing Steel in Atmospherically Exposed Concrete
Structures)
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Presenter
Presentation Notes
We have many standards in support of these systems.


2018 — “Two Stage” Anode System

e Type 2 Embedded Galvanic Anodes
— Embedment into Sound Concrete

* Two-stage Protection
— The power of Corrosion Passivation from ICCP / ECE (Stage 1)

— The simplicity of Corrosion Prevention from a maintenance free
galvanic system (Stage 2)
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Presenter
Presentation Notes
If you recall, the title of this presentation was “New Corrosion Protection System Extends the Life of Concrete Structures”, So now I finally give you something new…..Its a “two Stage” anode system.


Active Corrosion Phase @) Eectochemical Phase @) Scthod

Treatment Prevention

15+ Days Up to 30+ Years

Passive Oxide Film

CORROSION PASSIVATION MAINTENANCE

= Chloride ions enter the concrete « Concrete repairs carried out as required * On-going protective current

» Chlorides break down passive film » High charge density delivered delivered to steel

» Corrosion initiates * Alkalinity restored around steel » Steel passivity is maintained

= Acidic corrosion pits form on the steel * Chiorides pushed away from steel surface : Chlor_ld_e confinues 1o be repeliad
= Rust forms and occupies 7-12 fimes the volume « Corrosion mitigated in pits *» Alkalinity continues to increase

* Siress builds within the concrete * Steel passivity is restored Structure protected for

= Cracking & rust staining is visible = Phase 1 can be repeated upto 30+ YEARS
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“Two Stage” Anode System

Single Wire
installation

Galvanic Anode \

Fully Integrated (Self-
powered) ICCP System

Alkali Activated and
Acid Buffering
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Electrochemical
Phase o e The IFCP an-m-ie delivers ? period -of high cu.rrent
density sufficient to passivate active corrosion

P
Passive Oxide Film

No external power needed
* Internal power supply

Temporary treatment

* Charge is passed over a period of 45 to 90 days
depending upon the environment

Passivates corrosion

¢ Removes chloride

CORROSION MITIGATION e Builds alkalinity at the steel surface
& RE-PASSIVATION

Economical/Cost-Effective

¢ High charge density delivered
» Alkalinity restored around steel
» Chlorides pushed away from steel surface

= Corrosion mitigated in pits

el perssistiy b msicred 2018 Spring Convention | Eﬂisﬂlfiﬂiilii utions | April 11-13 | San Francisco




Phase @) Siiinne™ o The galvanic anode produces a lower charge
15-30Years

density sufficient to mitigate the initiation
of corrosion

e Galvanic Technology
— 20 years of performance history

e Cathodic Prevention Current
— Current density of between 0.2-2.0mA/m?

CORROSION PREVENTION .
& MAINTENANCE e Long Lasting

— unit produces a smaller current for up to 30+ years

* On-going protective current
delivered to steel

* Steel passivity is maintained

¢ Chloride continues to be repelled

e Alkalinity confinues to increase

Structure protected for
vpto 30+ YEARS
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Summary

 Understanding corrosion allows you to address
it effectively and extend service life

* Primary Corrosion Mitigation Options:

— Good concrete cover, Keep Water and Salt
Out of Concrete

— Electro-chemical Methods (Galvanic, ICCP,
ECE)

 The field of cathodic protection has and will
continue to evolve and innovate.
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