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Abstract

Chloride-induced corrosion represents one of the most destructive mechanisms affecting
metallic infrastructure in marine, offshore, and industrial environments. Conventional
understanding suggests that negatively charged anodic inhibitors should exhibit limited
effectiveness against chloride ions (CI") due to electrostatic repulsion. However, Vappro®
Chloride Guard demonstrates superior corrosion inhibition performance despite this apparent
contradiction.

This white paper presents a comprehensive scientific analysis of the interfacial
electrochemical phenomena, adsorption thermodynamics, and passivation Kinetics that
govern this behaviour. The study reveals that corrosion protection is dictated not by bulk
ionic charge interactions but by competitive adsorption, chemisorption dominance, and
passive film formation at the metal—electrolyte interface. The result is a transformation of
chloride-aggressive environments into stabilized, corrosion-resistant systems.

Finally, this paper investigates the fundamental question of how negatively charged anodic
inhibitors can effectively mitigate corrosion induced by similarly negatively charged
chloride ions, elucidating the underlying interfacial and electrochemical mechanisms
governing this behaviour.
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1. Introduction
Chloride ions are widely recognized as the primary contributors to corrosion in:

e Marine and offshore environments

e Oil & gas infrastructure

e Reinforced concrete systems

o Industrial cooling and process systems
Their high mobility, small ionic radius, and strong affinity for metal surfaces make them
particularly aggressive in initiating localized corrosion phenomena, especially pitting
corrosion.
Traditional corrosion mitigation strategies often rely on coatings, cathodic protection, or

inhibitors. Among these, anodic inhibitors—despite being negatively charged—have shown
remarkable effectiveness in chloride-rich environments.

This paper addresses the fundamental question:

Why do negatively charged anodic inhibitors effectively suppress corrosion
caused by negatively charged chloride ions?

2. Electrochemical Fundamentals of Corrosion
Corrosion is an electrochemical process involving anodic and cathodic reactions.
2.1 Anodic Reaction (Metal Dissolution)
Fe — Fe?* + 2e~
2.2 Cathodic Reaction (Oxygen Reduction)
0, + 2H,0 + 4e~ - 40H™

The presence of chloride ions accelerates corrosion by:

e Destabilizing passive oxide films

o Enhancing metal dissolution kinetics

e Promoting localized corrosion (pitting)
e Forming soluble complexes (e.g., FeClz), preventing repassivation

3. Role of Chloride Ions in Corrosion

Chloride ions contribute to corrosion through several mechanisms:



Passive Film Breakdown
Chloride penetrates and disrupts protective oxide layers on metals.
Pitting Initiation
Localized breakdown leads to autocatalytic pit formation.
Complex Formation
Fe?*t +2C1~ - FeCl,
This prevents reformation of protective films.
Differential Aeration Cells

Creates localized anodic and cathodic regions.

4. The Misconception of Charge Repulsion
A simplistic interpretation suggests:

e Chloride ions (Cl") — negative
e Anodic inhibitors (e.g., NO2", MoO+>") — negative

Therefore: “They repel each other”
This is incorrect because:

Corrosion occurs at the metal—electrolyte interface, not in bulk solution.

5. Electrical Double Layer (EDL) Theory

At the metal surface, an electrical double layer forms:

Structure:
e Inner Helmholtz Plane (IHP) — specifically adsorbed ions
e Outer Helmholtz Plane (OHP) — loosely associated ions
o Diffuse Layer — bulk solution

Critical Insight:

At anodic sites, the metal surface becomes positively charged, attracting anions:

e Chloride ions (Cl)
e Anodic inhibitors



Thus, both species compete for the same interfacial sites.

6. Competitive Adsorption Mechanism

6.1 Chloride Behaviour
e Weak physical adsorption
e High mobility

e Promotes film breakdown

6.2 Anodic Inhibitor Behaviour (Vappro Chloride Guard)
e Strong chemisorption

e Formation of coordinated surface complexes
o Lower mobility but higher affinity

Summary:

Surface dominance is governed by adsorption energy and reaction kinetics—not
electrostatic charge alone

7. Passivation and Film Formation Mechanism
Anodic inhibitors function by actively modifying the metal surface.
7.1 Nitrite Mechanism

2Fe** + 2NO; + 2H,0 - 2Fe00H + N, + 2H*
7.2 Molybdate Mechanism

e Formation of Fe-Mo—O complexes
o Stabilization of passive film

7.3 Silicate Mechanism

e Formation of Si-O-Fe networks
e Dense barrier layer

Characteristics of Protective Film
e Dense and adherent
e Low permeability

o Self-repairing capability
o Resistant to chloride penetration

8. Electrochemical Control of Corrosion



Vappro Chloride Guard enhances corrosion resistance through:
Increased Polarization Resistance (R;)

Reduces anodic dissolution rate

Shift in Corrosion Potential (E_corr)

Moves system to more noble region

Increased Pitting Potential (E_pit)

Delays chloride-induced breakdown

9. Interfacial Dominance Over Chloride

At the interface:

Inhibitors occupy inner Helmholtz plane -when a metal is in contact with water or an
electrolyte (like seawater), a very thin electrical layer forms at the surface. This is called the
electrical double layer.

The Inner Helmholtz Plane (IHP) is the closest layer right next to the metal surface.

It is where:

Molecules or ions are directly attached (adsorbed) onto the metal
There is no water layer in between

The interaction is very strong (chemical bonding or chemisorption)
Chloride ions remain in outer layer

Result:

e Chloride excluded from active sites
e Corrosion suppressed

10. Triple Protection Mechanism
Physical Barrier

Prevents chloride diffusion
Electrochemical Control

Reduces anodic reaction kinetics

Chemical Passivation



Forms stable protective film

11. Thermodynamic and Kinetic Superiority

Property Chloride Vappro Inhibitors

Adsorption Weak Strong
Film Formation None Yes
Stability Destabilizing Stabilizing
Effect Pitting Protection

12. Discussion
The effectiveness of Vappro Chloride Guard arises from:

o Preferential adsorption at anodic sites (The product goes to the most vulnerable
spots on the metal where corrosion usually starts) and sticks there first.

o Rapid formation of protective films

e Suppression of localized corrosion

o Interfacial restructuring of electrochemical environment (It changes what’s
happening at the metal surface so corrosion reactions cannot easily occur).

This demonstrates that corrosion control is fundamentally an interfacial engineering
problem, not a simple ionic interaction.

13. Conclusion
Vappro Chloride Guard achieves superior corrosion protection by:

e Outcompeting chloride ions at the metal interface

o Forming stable, adherent passivation layers

e Modifying electrochemical kinetics

o Preventing initiation and propagation of pitting corrosion

The mechanism is governed by interfacial electrochemistry—not bulk charge
interactions.
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Final Statement

“Vappro Chloride Guard redefines corrosion protection by leveraging interfacial
electrochemical engineering, where high-affinity anodic inhibitors chemisorb onto
positively polarized metal surfaces, forming a dense passivation matrix that kinetically
suppresses chloride-induced corrosion and transforms aggressive environments into stable,
corrosion-resistant systems.”



