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Abstract

This paper compares the corrosion performance of galvanizing and anti-corrosive
coatings across standardized corrosivity categories (ISO 12944). While hot-dip
galvanizing offers long-term protection in mild environments, its performance declines in
aggressive marine and industrial conditions. Multi-layer and smart coatings demonstrate
superior durability, repairability, and multifunctionality. Evidence from standards, field
data, and recent studies indicates that advanced coating technologies outperform
galvanizing in C5/CX categories and represent the future of protective systems.



1. Introduction

The most widely used method of corrosion protection for steels remains galvanizing and
coating. Galvanizing provides both sacrificial and barrier protection by a metallurgically
bonded zinc coating onto steel (Roberge, 2008). Coatings are, however, predominantly
barrier systems, with recent examples including inhibitors and self-healing (ACS AMI,
2021). The choice between the two depends on the environment, design restraints, and
service life requirements.

2. Protection Mechanisms

Galvanizing is based on cathodic (sacrificial) protection: zinc corrodes preferentially,
covering the substrate steel and producing stable corrosion products like zinc oxide and
zinc carbonate (ISO 14713-1:2017). Paint relies on excluding steel from contact with the
environment; epoxy, polyurethane, and vinyl ester systems deliver customized chemical
and mechanical protection (ISO 12944-1:2018). Intelligent coatings can achieve even
longer service life through self-healing microcapsule coatings (ACS AMI, 2021).

3. Durability and Service Life
ISO standards define typical durability ranges:

Hot-dip galvanizing (>85 um Zn) achieves 30-50 years in C3 environments, but only 8—
12 years in C5-M conditions (ISO 14713-1:2017).

Multi-layer epoxy/polyurethane coatings (300 pm DFT) last 20-25 years in C5-M and
C5-1 (ISO 12944-1:2018).

Intelligent epoxy paint with microcapsules extends lifespan to 30+ years (ACS AMI,
2021).

Galvanizing and paint duplex systems can reach 40—60 years, which is better than both
systems individually (Shreir’s Corrosion, 2010).

4. Comparative Performance by Environment
Field work substantiates the conclusions on galvanizing compared with coatings:

In marine splash zones, galvanized steel showed red rust in 7—10 years, while epoxy/PU
systems lasted over 20 years (AMPP, 2019).



In chemical plants, galvanized steel failed in 5—8 years due to acidic fumes, whereas
epoxy phenolic coatings endured 15-20 years (JPCL, 2020).

Severe environments (CX) require multi-layer barrier coatings or thermal spray
aluminum (TSA), since galvanizing loses protection in under 5 years (Hou et al., 2017;
ISO 9223:2021).

5. Limitations of Galvanizing
Despite its advantages, galvanizing has significant disadvantages:
Size and handling limitations — products must fit into zinc baths (ISO 14713-1:2017).

Design problems — hollow sections need ventilation, and sharp corners don’t coat
evenly.

Environmental sensitivity — zinc corrodes quickly in chloride-rich or acidic
environments (Hou et al., 2017).

Limited appearance — results in a bland grey finish unless an additional coating is
applied (Shreir’s Corrosion, 2010).

6. Advantages of Anti-Corrosive Coatings
Anti-corrosive paints override all such limitations:

Can be applied to any size or shape, including extensive infrastructure (ISO 12944-
1:2018).

Formulations can be customized for resistance to UV, heat, chemicals, or biofouling
(Sastri, 2011).

Aesthetic versatility — options in color and texture.

Multifunctionality is possible — such as self-healing, antimicrobial, or RF shielding
properties.

On-site application and repair, which helps reduce lifecycle costs (JPCL, 2020).



7. Conclusion

Galvanizing offers excellent, cost-effective protection for small to medium-sized steel
parts in mild to moderately severe conditions. Yet, in severe marine, industrial, and
extreme environments (C5-M, C5-1, CX), superior multi-layer and innovative coatings
greatly surpass galvanizing in terms of service life, versatility, and reparability. Future
protective systems are innovative, utilizing duplex coating systems that combine
sacrificial and barrier effects, providing lifetimes of 40—60 years or longer.
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