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Alkyd and epoxy-ester primer-enamel systems continue to be popular as industrial corrosion protection 

of steel structures because they are technologically versatile, cost-effective, and can be used with familiar 
application equipment. Nevertheless, their anticorrosion properties are directly linked pigment loading, 

interfacial modification, and inhibitor functionality. The current research reports a logical experimental 

study on formulation-guided performance enhancement in the application of an alkyd /epoxy-ester-based 

primer-enamel coating over carbon steel surfaces. Eight standard coatings were prepared under the 

same technological conditions, differing in zinc phosphate concentration, the addition of organic 

corrosion inhibitors, and the application of silane-based adhesive promoters. Quality indicators, 

including dry-film thickness, adhesion (ISO 2409), defect density, and inhibitor efficacy, were assessed 

before exposure to corrosive conditions. The quantitative damage metrics of time to first visible 

corrosion, corroded surface area, delamination length, and adhesion retention were used to evaluate the 

post-exposure corrosion behavior. A relative corrosion resistance index was used to plot performance 

trends that are dependent on formulation. The findings indicate that formulation optimization results in 

significant, numerically measurable improvements in anticorrosion performance. Enhanced zinc 
phosphate loading also led to increased film build and barrier integrity with silane adhesion promoters, 

resulting in higher interfacial stability and underfilm corrosion resistance. The optimized formulation 

showed a 2× delay in corrosion initiation compared to the baseline system, accompanied by a significant 

decrease in corroded surface area and delamination length. The results validate that, in alkyd/epoxy-

ester systems, synergistic interactions that form a barrier, stabilize interfaces, and provide active 

inhibition result in effective anticorrosion protection. The results provide a technical formulation design 

for an industrial-level primer-enamel coating intended for use in a corrosion-resistant service 

environment. 

This study is also relevant to the coke-chemical industry, where anticorrosion coating systems are widely 

applied to protect steel equipment used in coal processing, coking plants, and associated technological 

units operating in aggressive chemical environments. 
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