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Hot-dip galvanized steel conduit is widely used to house wire and cable systems in locations where physical protection is required and mild corrosion is anticipated.  The hot-dip galvanizing process has been in use for more than 170 years to protect steel and iron products.  Because the hot-dip process has been around for so long and galvanized steel products have been in service for extended periods of time, the performance limitations of the galvanize coating are well known.

In applications where more severe or heavy corrosion conditions exist, the galvanized steel conduit is coated with paint or other polymer coatings such as PVC for additional corrosion protection.  Robroy polyvinyl-chloride (PVC) externally coated rigid steel conduit has been successfully used to protect sensitive wire and cable systems in extremely corrosive environments for several decades.  In 1987 Robroy Industries introduced an innovative product with an interior urethane coating to provide corrosion protection for the interior conduit surface.  In 1989 the internal urethane coating was improved with a re-formulated urethane.

Resulting from user concerns expressed about swelling and corrosion beneath the external PVC coatings, in 1993 Robroy initiated a development program to improve and confirm the external coating adhesion.  This adhesion improvement program was completed in mid-1994.  Since 1995 Robroy has continued to improve its coated conduit products and processes.  In the interim Robroy has added the Perma-Cote and KorKap product lines to its coated conduit family; Robroy’s coating innovations and developments were incorporated into the Perma-Cote and KorKap conduit products.

Finally in 2004 an independent third party, Intertek ETL SEMKO, was engaged to develop a specification for a Regulated and Quantitative Test protocol to confirm and list the Adhesion Performance of the coated conduit.  The ETL PVC-001 compliance standard is the only product performance specification that requires tests to confirm coated conduit adhesion performance.  Robroy could have elected to maintain this specification with ETL as a private specification and maintained it for our own use in listing and promoting coated conduit.  

Instead we declined this option and selected the second option.  The second option permits anyone access to the specification and permits them to submit coated conduit specimens to ETL for performance certification.  The second option permits others, if they desire, to use the specification to obtain a listing.  The second option makes the standard more of an industry standard for coated conduit as opposed to a Robroy exclusive standard.  Open access to the specification, testing and listing adds value and credibility with industry engineers and helps avoid trade constraint issues that could be claimed, especially for government procurements.

Intertek ETL SEMKO then independently performed coated conduit evaluation tests based on the specification and certified that PLASTI-BOND, Perma-Cote and KorKap meet the coating adhesion requirements of the specification.  Intertek ETL completed an audit to assure that Robroy’s internal procedures are well documented and that the Conduit Division will continue to make a product that will meet the specification requirements.  In addition Intertek ETL SEMKO administers a quarterly follow-up program by selecting and testing coated conduit specimens to insure continued compliance with the adhesion requirements in the specification.  Randomly selected conduit specimens must successfully pass the adhesion tests to maintain our listing and ETL label.

To help understand the significance of the enhanced adhesion provided by Robroy’s coating process and the performance advantage of the PVC coated conduit with the ETL Certification, it is necessary to understand how and why conduit coatings fail.  The remainder of this white paper will explore how corrosion protection is provided by hot-dip galvanizing and polymer coatings; followed by a discussion of how these coatings fail and the consequences of failure.

Hot-Dip Galvanizing

The exact time hot dip galvanizing was first used to protect steel conduit is unknown.  The hot dip galvanized coatings are produced on conduit by immersing the cleaned conduit in a molten zinc bath.  Features which make galvanizing a unique system include:  low life-cycle cost; standard minimum thickness applied; low rate of corrosion in more benign environments; the coating is metallurgically bonded to the steel; easy to inspect; applicable to a wide range of material sizes and shapes; cathodic protection to damaged areas; and strongly resistant to mechanical damages.

During the galvanizing process the steel and zinc react to form a metallurgically bonded coating which consists of a series of iron-zinc alloys with increasing zinc content toward the external surface.  Figure 1 shows the galvanize cross section and the various iron-zinc alloy layers.

Zinc’s corrosion resistance in most environments accounts for its successful application as a protective coating in a variety of applications.  Zinc forms a dense, adherent corrosion protection film with a rate of corrosion considerably less than ferrous materials.  Depending on the atmosphere, the zinc corrosion rate is 10 to 100 times slower than ferrous materials.  Initially a fresh zinc surface is reactive and rapidly forms a thin corrosion resistant film, usually within the first 30 days.  The film greatly reduces the corrosion rate.
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Figure 1.  Microstructure of Hot Dip Galvanize Coating on Steel.

In providing the steel corrosion protection, the zinc acts in a sacrificial manner.  Depending on the environment, the zinc will be eroded away as a function of time.  The minimum zinc thickness on galvanized steel conduit is 0.0008” according to applicable rigid metal conduit standards such as UL 6 and ANSI C80.1.  Figure 2 on the next page provides a graph showing the anticipated service life as a function of zinc thickness in various environments.

In Figure 2 Service Life, Years is defined as the time that the galvanized surface is exposed in the respective environment until 5% of the galvanized steel surface is rusted.  It should be noted that the zinc thickness along the abscissa is designated in mils, i.e. 0.8 is actually 0.0008”, the standard minimum specified zinc thickness for conduit.  The information in Figure 2 is published in numerous technical articles and papers.  It is based on the historical performance of galvanized steel in the respective environments over the past century or more.


Figure 2.  Life of Protection vs. Thickness of Zinc and Type of Exposure Atmosphere.

The data indicate that rigid galvanized steel conduit in a Rural Environment has a life expectancy of approximately 14 years.  In a Temperate Marine Environment the anticipated life expectancy is reduced to 8 years.  Exposure time before 5% rusting in a Moderately Industrial Environment is about 4 years.  In a Heavy Industrial Environment the rigid galvanized steel conduit has a life expectancy of 2 years.  In some particularly corrosive environments the complete deterioration and disappearance of rigid steel conduit is reported in six months or less.

One solution is to increase the zinc thickness to obtain a longer life expectancy.  For example, if the zinc thickness is doubled, the life expectancy is increased from 2 years to 7 years in a Heavy Industrial Environment.  However, this increased life expectancy is not accomplished without cost.  In addition to the cost of the zinc, the galvanizing process time is increased.  Conduit bendability into elbows or other offset shapes will be negatively impacted by a thicker zinc coating.  The weight of the galvanized steel conduit is increased requiring additional shipping, support structure and installation cost.

A better solution is the addition of a coating over the zinc to prevent erosion in the respective environment.  As mentioned earlier, Robroy Industries has been at the forefront in developing a PVC exterior and polyurethane interior coating to protect galvanized steel in some very nefarious environments.

PVC and Polyurethane Coated Conduit

Initially Robroy used Polyvinyl-Chloride (PVC) as a supplemental exterior coating to protect the zinc and keep it from eroding.  This product was listed by UL and provided excellent protection to the zinc for several decades, but reports of conduit corroding from the inside out remained a continuing issue.  A polyurethane internal coating was successfully added about 18 years ago.

Three major challenges existed in developing the interior polyurethane coating.  First the internal coating had to be flexible so that it would not crack or flake when the conduit was bent.  Secondly to provide reliable corrosion protection, it is necessary to provide a consistent coating thickness on the internal surface of the conduit and fittings.  Finally it was necessary to provide internal corrosion protection for both the fittings and conduit.  The shapes and forms of conduit fittings make the application of a consistent internal coating a challenge.  

After a lengthy development program Robroy Industries completed solutions for each of these challenges.  Figure 3 provides a photograph of Robroy PLASTI-BOND REDH2OT conduit with the external and interior coatings.  The UL and ETL labels appear on the large section of conduit shown in Figure 3.  Figure 4 provides a photograph of a Robroy PLASTI-BOND REDH2OT condulet fitting with the external and interior coatings shown on the cover and body.
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Figure 3.  Robroy PLASTI-BOND REDH2OT Conduit.

The key to improved corrosion protection with the PVC and urethane coatings on rigid galvanized steel conduit is the adhesion of the coating to the zinc.  If the coating adhesion fails, then the corrosion protection is lost.
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Figure 4.  Robroy PLASTI-BOND REDH2OT Fitting.

The significance of coating adhesion to corrosion protection has been recognized for years by corrosion engineers, but it was not documented in conduit performance standards until 2004.  In 2004 an independent third party, Intertek ETL SEMKO, was engaged to develop a specification for a Regulated and Quantitative Test protocol to confirm Adhesion Performance.  Intertek ETL SEMKO then independently performed the coated conduit evaluation based on the specification and certified that PLASTI-BOND, Perma-Cote and KorKap meet the requirements of the specification.  

As shown in Figure 3, Robroy conduit now carries an ETL label confirming that it consistently meets the adhesion test requirements.  In addition Intertek ETL SEMKO administers a quarterly follow-up program by selecting and testing coated conduit specimens to insure continued compliance with the adhesion requirements in the specification.  Our selected conduit specimens must successfully pass the adhesion tests to maintain our listing and ETL label.

Coating a Galvanized Zinc Surface

PVC and polyurethane corrosion resistant coatings will not provide the intended protection without proper preparation of the conduit galvanized zinc surfaces.  It has often been stated that 80% to 90% of premature coating failures are caused by improper or inadequate surface cleaning and preparation.  Most premature coating failures are caused by contaminants left on the surface when the coating is applied.  In order to provide a good adhesion to galvanized steel, the surface must be slightly roughened to provide an anchor profile.  This is commonly achieved with abrasive sweeps or brush blasts.

Proper surface preparation of galvanized rigid steel conduit for PVC and polyurethane coating is a very difficult task.  The Robroy Conduit Division uses a two step proprietary process – a mechanical surface treatment process to promote coating adhesion followed by a chemical cleaning process to remove any surface contaminants.  All phases of both the mechanical and chemical processes are stringently controlled to provide surfaces that meet the highest standards for coating adhesion.  Following the correct surface preparation procedures gives a long lasting and satisfactory duplex corrosion protection system.

Coating Failure

When galvanized rigid steel conduit is exposed in an application, the erosion of the zinc coating until failure occurs is well documented.  White rust usually appears first on the zinc and after sufficient zinc is eroded away, red rust appears on the surface from the underlying steel substrate.  With the passage of additional time the steel continues to corrode, although at a reduced rate because the zinc provides some cathodic protection.

The internal and external coatings on galvanized rigid steel conduit provide a protection that prevents the erosion of zinc.  The PVC and polyurethane coatings have excellent chemical resistance to acids and other chemicals that vigorously attack the galvanized zinc coating.  As long as the PVC and polyurethane coating adhesion remains, the conduit will provide years of reliable service in many of the most severe environments where zinc would only survive for a period of weeks or months.

If the coating thickness is inconsistent or the coating adhesion fails, the corrosion protection is compromised.  Figure 5 shows some conduit specimens with an inconsistent interior coating.  The photograph of the specimens in Figure 5 shows an internal coating that is very thin is some areas.  When new and before exposure to moisture testing, the thin areas show up as light areas on the internal surface such as appear at the end of the red arrows in Figure 5.
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Figure 5.  Coated Conduit Specimens with Uneven Internal Coating.

When conduit specimens with inconsistent coating thickness are exposed to water, heat or humidity; the water penetrates the coating in the thin areas and white rust forms on the underlying zinc surface.  The photograph in Figure 6 shows the formation of white rust when water penetrates the interior coating of the conduit.
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Figure 6.  Zinc White Rust on Interior Surface Areas with Thin Coating After Exposure to Moisture.

Additional exposure to moisture in the application environment will cause these areas of white rust to continue to degrade and eventually red rust will form when the underlying steel substrate begins to corrode.  

The photograph in Figure 6 also reveals a major adhesion failure of the external PVC coating; the adhesion of the PVC to galvanized zinc has failed in the bubble areas that appear at the ends of the red arrows.  Moisture has penetrated the PVC and broken the adhesive bond between the zinc and PVC.  In the bubble areas galvanized zinc is the only corrosion protection that remains for the rigid metal conduit.

Figure 7 provides a photograph that shows the galvanized surface beneath the PVC when the PVC-Zinc Adhesive Bond fails.  The PVC separates from the galvanized surface in a large area and the zinc is exposed to the moisture and corrosive chemicals in the application environment.  Once the separation occurs, the zinc corrosion will deteriorate the rigid steel conduit at a rate similar to uncoated galvanized conduit dependent on the application environment.  The white rust usually forms initially at the edges of the disbonded area.

The disbonded PVC coating that appears in Figure 7 is usually the result of poor surface preparation of the galvanized zinc.  Non-visible contaminants, usually water soluble salts, are not completely removed from zinc surface during the cleaning operation.  The salts most commonly encountered are chlorides and sulfates.

When the coating is applied over salts remaining on the surface, the salts are hygroscopic and draw moisture through the coating.  The moisture in combination with the salt creates a corrosion cell beneath the coating and causes corrosion of the zinc that the coating is intended to protect.  The coating then usually blisters.  The white area at the end of the red arrow in Figure 7 probably indicates such a contamination deposit. 




Figure 7.  PVC Coating Cut to Show Adhesion Failure Between Zinc and PVC.

In some environments the corrosion rate could be significantly accelerated because the zinc surface is continually exposed to 100% relative humidity; the PVC coating acts as a barrier to retain the moisture in the area where the adhesive bond has failed.   When an uncoated galvanized rigid steel conduit is exposed, the moisture will evaporate from rain or splashing and the conduit surface will be exposed to the relative humidity of the surrounding environment.  When coated conduit is exposed to moisture in a disbanded area, the moisture will not evaporate easily and a well documented corrosive condition exists.

Summary

Based on these considerations consistent coating thickness and the adhesion between the protective coatings and the underlying substrates provide superior corrosion protection to the rigid steel conduit compared to either the PVC/Polyurethane Coating or the Zinc Galvanized Coating alone.  Proper surface preparation such as the two part proprietary system used by the Robroy Conduit Division and a rigorous quality assurance program are necessary to achieve reliable coating protection.

When the coating adhesion fails due to improper surface preparation or moisture penetrates a thinly coated area, the zinc becomes the primary corrosion protection.  In this case the rigid steel conduit is protected only by the galvanized coating; the PVC or Polyurethane Coating is no longer an effective corrosion protection.  In the case of adhesion failure the galvanized zinc coating will probably have a shorter service life than plain galvanized rigid steel conduit.

Robroy’s Testing and ETL Label confirming the coating adhesion continue to provide the most consistent and best performing corrosion resistant rigid steel conduit.
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