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ABSTRACT OF THE DISSERTATION
CORROSION DURABILITY OF A NANO-PARTICLE ENRICHED ZINC-RICH
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Miami, Florida
Professor Kingsley Lau, Major Professor

Corrosion is a major concern for the long-term durability and structural integrity
of steel components of highway bridges when unprotected. The application of protective
coatings has been widely used for corrosion mitigation of atmospherically exposed
structural steel. At present, the zinc-rich primer (ZRP) based three-coat system is widely
used in the United States. The life of these coating systems is at best only half of the
bridge design life. Furthermore, premature degradation may occur due to improper
application. Different additives were considered to improve the performance of ZRP
coating system and recently carbon nano-particles gathered attention due to their
beneficial characteristics.

The protection mechanisms of zinc-rich coatings (sacrificial and barrier
protection) have been well studied but the durability of zinc-rich coating containing
carbon nano-particles has not been well elucidated for bridge application. In the work
presented in this dissertation, a zinc-rich epoxy coating containing carbon nano-particles
(NPE-ZRP) have been investigated for highway steel bridge application. Coating

durability, robustness, and repair considerations in aggressive environments relevant to

Vi



highway bridges were investigated. The research considered exposure to various
environments to identify the degradation mechanism as well as the durability.

The NPE-ZRP coating initially provides barrier protection. The epoxy matrix
allows electrolyte penetration from the exposure environment which facilitates the
activation of the zinc pigments (cathodic protection) and the associated formation of zinc
oxide further enhanced the barrier protection. Comparatively, improved barrier
performance was observed for the NPE-ZRP coating system even with fewer coating
layers. Similar galvanic protection as conventional ZRP was observed. Comparatively
faster corrosion rates of NPE-ZRP also portray enhanced continuity through carbon the
nano-particles. Higher pull-off strength was observed for NPE-ZRP coating apparently
due to carbon nano-particles which enhanced the cohesive bond and the adhesive
strength. Pre-exposure to high humidity didn’t affect the coating durability but salt
contamination and remnant coating layer can hinder the bond of the NPE-ZRP primer
with the steel substrate. Most importantly, NPE-ZRP coating always showed zinc
consumption from the bulk primer layer whereas ZRP showed along with the steel/primer
interface. Eventually, NPE-ZRP maintained good bond strength whereas ZRP loses bond

strength at the steel/primer interface.
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CHAPTER 1
INTRODUCTION
1.1 Background

Corrosion is a major concern for the long-term durability and structural integrity
of steel components of highway bridges. Approximately 15% of all bridges are
structurally deficient due to corrosion (Materials Performance, 2002). Out of the
approximate 600,000 highway bridges in the United States, 200,000 are steel bridges.
Damage to the steel bridge superstructure can be exacerbated when it is unprotected or
inadequately protected from the environment. In particular, aggressive marine
environments that contain high concentrations of coastal airborne salt enhance corrosion.
It was evident that corrosion of structural steel components was significant in the
catastrophic collapse of the Silver Bridge (Point Pleasant, WV) in 1967 (Biezmal and
Schanack, 2007), the Mianus River Bridge (Connecticut) in 1983(NTSB, 1983), Lowe’s
Motor Speedway Bridge (North Carolina) in 2000 (Cederquist, 2000), Kinzua Bridge
(Pennsylvania) in 2003 (Jeffery, 2009), and Leo Frigo Memorial Bridge (Wisconsin) in
2013 (Khalid et.al., 2018).

The application of protective coatings has been widely used for corrosion
mitigation of atmospherically exposed structural steel. Different coating systems for
corrosion protection of steel bridges have been developed and implemented over time due
to the changes in environmental and health regulations, economics, and advances in
technology. Even with the continuous development of coating technologies, coating
systems are still susceptible to deterioration and thus unable to provide protection for the

long-term design bridge service life. Periodic maintenance of coatings is required for



additional service life against exposure to its surrounding environment. Furthermore,
maintenance including coating removal, containment, and application is costly. Of the
estimated $8.3 billion annual costs of corrosion in highway bridges, $500 million is
expended only for coating maintenance of highway steel bridges. So, effective and cost-
efficient coating systems that meet or exceed health and environmental regulations are
always of interest.

The majority of the steel bridges in the interstate highway system were
constructed between the 1950s and 1980s. Until the 1970s, bridges were generally coated
by alkyd-based paint containing toxic lead and chromate (Kogler Jr. and Chong, 1997).
Approximately 80 to 90 percent of the 200,000 steel bridges in the United States were
coated with lead or other toxic heavy metal-based inhibitor coatings (Myers et al., 2010).
These old technology coating systems usually consisted of several layers and required
costly routine levels as well as major paint maintenance within eight to ten years of
service life. Many of those coating systems became prohibited by Environmental
Protection Agency regulations due to environmental and health hazards. After the 1970s,
an entirely different coating technology containing sacrificial zinc pigments was
introduced for bridge application; and at present, the zinc-rich primer based three-coat
system is widely used in the United States. The metallic zinc pigments ideally would
provide corrosion resistance by sacrificial protection. The three-coat system typically
consists of either an organic or inorganic zinc-rich primer (although other primers have
been formulated) followed by an epoxy midcoat and a topcoat. Generally, the
performance of zinc-rich paints outperformed the previous lead-based paints.

Nevertheless, the life of the coating is at best only half of the required design life of the



bridge. Furthermore, premature degradation may occur if there are flaws in the system
due to improper application.

Repair of the degraded coating material should not be overly complicated and
must be cost-effective. Appropriate surface preparation and identification of
environmental exposure parameters such as humidity, surface moisture, air-born salt
contamination and their effects on coating physical properties and corrosion mitigation
should be considered. It was reported that modern paint coatings may require early
maintenance especially if exposed in aggressive environments (Florida Department of
Transportation (FDOT) Bridge Work Plan, Personal Communication, June 21, 2018).
The long-term effectiveness of coating systems is of major importance to reduce
maintenance costs. The coating system not only should provide adequate corrosion
control and meet environmental and health regulations, but also the coating durability
should be attuned to expected bridge design life. The selection of compatible repair
coating material and the corresponding level of surface preparation is the critical
parameter for proper protection from its exposure environment. In consideration of ease
of coating application, application quality, cost