Duplex systems employing painting or powder

coating over hot-dip galvanized steel blend long-

AS EVIDENT THROUGH its use in attractive structures and artful sculptures, hot-
dip galvanized steel provides speci ers with a natural and metallic look with long-term
corrosion protection in aggressive environments.

However, there are instances where the metallic or natural matte gray appearance
is not compatible with an architect’s overall design, or color is needed to either pro-
vide branding or blend in with the surroundings. But how to accomplish this without
sacri cing the corrosion protection capabilities of galvanized steel? Via duplex systems,
where a layer or layers of painting or powder coating are added over the galvanized
steel, thus achieving the desired aesthetics or branding while still providing the corro-
sion protection and service life required to make a lasting impression.

Synergistic Effect

Here’s how it works. When implementing hot-dip galvanizing and paint or pow-
der coating in a duplex system, the two coatings work together to increase overall
longevity and provide a more sophisticated level of corrosion resistance known as the
synergistic effect. This involves the exterior layer of paint or powder coating provid-
ing barrier protection to slow down the rate at which the underlying zinc is consumed.
Then, once the exterior layer has been breached or weathered, the hot-dip galvanized
coating beneath is still available to provide cathodic and additional barrier protection.
Additionally, the hot-dip galvanized coating prevents under Im corrosion of the paint
or powder coating system, which increases the longevity of the top coat and extends
paint maintenance cycles at least 50% in comparison to the same paint system applied
over bare steel.

As a result, the overall product is afforded maintenance-free corrosion protection
for 1.5 to 2.3 times the sum of the paint life and hot-dip galvanizing life. In other words,
if you apply a hot-dip galvanized coating expected to last 50 years and a paint system
expected to last 10 years, the duplex system would provide 90 to 138 years of mainte-
nance-free corrosion protection. Or, if routine maintenance is performed on the paint or
powder coating system, the overall coating system will last inde nitely. When discussing
the synergistic effect, the value for the multiplication factor (1.5 to 2.3) is selected based
on the corrosivity of the environment. A minimum value of 1.5 is intended for the most
aggressive environments with high pollution, salt or humidity, while 2.3 is the maximum
value for mild and rural environments. (If needed, the American Galvanizers Associa-
tion—AGA—can be contacted for help in estimating this value.)

Cost Efficiency

The synergistic effect allows for great economic advantages over the life cycle of
a duplex project. While the initial cost of a duplex system is high due to the applica-
tion of two corrosion protection systems, the synergistic effect will result in increased
time between paint maintenance cycles, and therefore a total life-cycle cost that is less
expensive than if the same paint system were to be applied over bare steel.

To analyze the initial and life-cycle cost of a duplex system in comparison to more
than 30 other corrosion protection systems, the AGA has developed a Life-Cycle Cost
Calculator (available at lccc.galvanizeit.org). Based on published cost date and calcu-
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lated in accordance with ASTM A1068, Standard Practice for Life-
Cycle Cost Analysis of Corrosion Protection Systems on Iron and Steel
Products, this calculator allows users to input the details of a project
and compare the initial and life-cycle costs side by side.

Example Project

Let's consider an example project, with the following parameters:

= 50,000 ft sq. ft

= Typical mix of structural pieces, simple <50 ft

= 60 Year Service Life

e C3 — Moderately Industrial Environment

* 3% in ation; 4% interest

According to the output of this example project, derived from
the Calculator, in Tables 1 and 2, the initial cost of a duplex system
is 71% more than paint initially, but the delayed paint mainte-
nance cycles for the example duplex system as exhibited in Table
2 results in a life-cycle cost savings of 45% in comparison to the
paint system over black steel. Therefore, specifying a duplex sys-
tem for corrosion protection can pay for itself while providing
value and aesthetic appeal throughout the design life.
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Specifying a Duplex System

Specifying a duplex system can be rela-
tively simple if the steps for surface prepa-
ration are followed, as prescribed in the
relevant speci cations. Different speci ca-
tions are required for the application of the
hot-dip galvanized coating, surface prepara-
tion of the coating and then application of
the paint or powder coating. The primary
speci cation for batch hot-dip galvanizing
of structural steel including plate, beams,
tubing, piping and various fabrications is
ASTM A123: Standard Specification for Zinc
(Hot-Dip Galvanized) Coatings on Iron and
Steel Products. For batch hot-dip galvanizing
of any nuts, bolts or other fasteners, ASTM
A153: Standard Specification for Zinc Coating
(Hot-Dip) on Iron and Steel Hardware, should
be speci ed to ensure parts are centrifuged
or otherwise handled to remove excess coat-
ing which could affect their intended use.

Next, there are additional supporting
speci cations to assist in preparation of the
hot-dip galvanized surface. ASTM D6386:
Preparation of Zinc (Hot-Dip Galvanized)
Coated Iron and Steel Product and Hardware
Surfaces for Painting provides detail on rec-
ommended methods to prepare hot-dip
galvanized surfaces for painting. Instruc-
tions are included for smoothing, cleaning
and pro ling the surface. Depending on
the identi ed initial condition of the hot-
dip galvanized surface as de ned by the
speci cation, some of these preparation
practices may be optional.

For preparing the hot-dip galvanized
surface for powder coating, a separate
speci cation ASTM D7803: Preparation
of Zinc (Hot-Dip Galvanized) Coated Iron
and Steel Product and Hardware Surfaces for
Powder Coating details similar practices for
surface smoothing, cleaning, and pro ling
the hot-dip galvanized surface based on the
identi ed initial surface condition. How-
ever, D7803 also provides instructions for
a heat treatment of the parts after surface
preparation to prevent outgassing of the
galvanized coating during the baking step
in the powder coating curing process.

Referenced within both D6386 and
D7803 is a speci cation for sweep blasting
to pro le the hot-dip galvanized surface:
SSPC SP16: Brush-Off Blast Cleaning of
Coated and Uncoated Galvanized Steel. This
abrasive blast cleaning standard is the most
common method for pro ling of the hot-
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Franklin Park Conservatory and Botanical Gardens in Columbus, Ohio, houses a seasonal
butterfly exhibit, a Chihuly exhibit and an extensive plant collection. The varieties of tem-
peratures, humidity levels, and herbicides involved make this conservatory a candidate for
extreme corrosion, but the duplexed structural steel has held up beyond the expectations
of the owner over its 20-year existence.
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dip galvanized surface without damaging
the coating. If an abrasive blast cleaning is
desired but SSPC SP16 is not speci ed, a
painter unfamiliar with hot-dip galvanized
surfaces may instead use methods intended
for cleaning bare steel, which can directly
result in peeling or excessive removal of
the hot-dip galvanized coating.

Finally, it is the responsibility of the
architect or engineer to specify the paint
or powder coating system based on the
intended use of the part, the application
method, environmental concerns and the
desired aesthetics. There are many available
options from paint manufacturers that are
designed to work well over hot-dip galva-
nized surfaces. It is possible to consult a paint
manufacturer for the proper paint selection,
or reference SSPC Guide 19: Selection of
Protective Coatings For Use Over Galvanized
Substrates. SSPC Guide 19 is a resource
available to owners and speci ers looking
to select an appropriate coating system for a
duplex system exposed to corrosive environ-
ments. Coating selection is based on evalu-
ation of the environment, condition of the
hot-dip galvanized steel and surface prepa-
ration. After coating selection and prepara-
tion of the hot-dip galvanized surface, the
paint or powder coating should always be
mixed, applied and cured in accordance with
the manufacturer’s instructions.

Clarifying Roles and Responsibilities
Some hot-dip galvanizers market and
sell their own duplex systems while others
partner with a paint shop to provide an all-
in-one duplex coating service. However, it
is more common to see the hot-dip galva-
nizing and painting/powder coating bid as
two separate contracts. When this occurs,
clarifying the roles and responsibilities of
each party (galvanizer and paint applicator)



while others like chromating will result in a
surface that is dif cult to top coat. Although
water quenching does not change the sur-
face, the quench bath typically contains
small amounts of oil, grease or galvanizing

ux which can interfere with paint adhesion.
It is the responsibility of the owner or paint
applicator to inform the galvanizer ahead of
time that the part is to be duplexed. Once
informed, the galvanizer is responsible for
ensuring quenching and chromating are not
performed.

Another need for clari cation arises in
the preparation of the hot-dip galvanized
surface. Some surface conditions present on
hot-dip galvanized coatings such as rough-
ness, small dross inclusions, and zinc runs
do not affect the corrosion protection and
are typically acceptable under ASTM A123.
However, these same surface conditions will
negatively affect adhesion of the paint/pow-
der coating, and are therefore not accept-
able. Instructions for smoothing the surface
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