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In the realm of materials science, corrosion engineering, and electrochemical thermodynamics, few texts carry as 

much weight as the Atlas of Electrochemical Equilibria in Aqueous Solutions. Originally authored by the 

Belgian chemist Marcel Pourbaix and published in its first English edition in 1966 by Pergamon Press, this 644-

page compendium serves as the foundational roadmap for understanding how metals interact with water. Often

referred to simply as the "Pourbaix Atlas," it provides the theoretical framework for predicting the stability of metals

and their compounds in various aqueous environments.

The Historical and Academic Significance of Marcel Pourbaix’s Work

The development of the Atlas was a monumental task that bridged the gap between theoretical chemical 

thermodynamics and practical engineering. Marcel Pourbaix recognized that the electrochemical behavior of metals 

is primarily governed by two variables: electrode potential (E) and acidity/alkalinity (pH). By mapping these 

variables, Pourbaix created a series of graphical representations known as Pourbaix Diagrams(or E-pH

diagrams). 

The 1966 edition, followed by the updated 1974 edition published by the National Association of Corrosion 

Engineers (NACE), cataloged the electrochemical equilibria for nearly all elements in the periodic table. This work

is not merely a collection of charts; it is a systematic analysis of the thermodynamic stability of species, which

allows researchers to predict whether a metal will corrode, remain immune, or form a protective passive film in a

given environment.

Core Concepts: The Theoretical Framework of Electrochemical Equilibria

To understand the depth of the Atlas, one must first grasp the core thermodynamic principles it utilizes. The Atlas 

operates on the premise that a system will always seek its lowest energy state. In an aqueous solution, the 

equilibrium between a metal and its ions or oxides is determined by the Nernst Equation.

1. The Nernst Equation and Equilibrium Potential

The fundamental equation used to calculate the lines in a Pourbaix diagram is the Nernst Equation:

E = E p - (RT / nF) ln Q

•  E: The reduction potential.

•  E p: The standard reduction potential.

•  R: The universal gas constant.

•  T: The absolute temperature (usually 298.15 K in the Atlas).

•  n: The number of electrons transferred.

•  F: Faraday's constant.

•  Q: The reaction quotient.



2. The Role of pH in Chemical Equilibria

While the Nernst equation handles the electrical aspect, the pH handles the chemical aspect. Many

electrochemical reactions involve the exchange of protons (H z). Consequently, the stability of a species is directly

influenced by the concentration of hydrogen ions in the solution. This necessitates the integration of pH into the

thermodynamic models to provide a two-dimensional view of stability.

Technical Analysis: Anatomy of a Pourbaix Diagram

The diagrams found in the Atlas of Electrochemical Equilibria in Aqueous Solutionsare composed of three

distinct types of equilibrium lines. Understanding these lines is critical for any technical analysis.



Line Type Dependency Equation Characteristics Graphical Representation

Horizontal Lines Potential (E) Only Electrons are exchanged, 
but no protons (H z).

Parallel to the pH axis.

Vertical Lines pH Only Protons (H z) are 
exchanged, but no 
electrons.

Parallel to the Potential 
axis.

Diagonal Lines Both E and pH Both electrons and protons 
are exchanged in the 
reaction.

Sloped relative to both 
axes.

The Stability Domains

Each diagram is divided into domains representing different states of the metal:

•  Immunity: The region where the metal is thermodynamically stable and will not corrode. In this state, the metal 

exists in its elemental form.

•  Corrosion: The region where soluble ions (like Fe² z or Cu² z) are stable. In this state, the metal will dissolve into 

the solution.

•  Passivity: The region where insoluble compounds (usually oxides or hydroxides like Fe ‚O ƒ) are stable. These 

compounds can form a protective layer on the metal surface, effectively slowing down further corrosion.

The Aqueous Medium: Stability of Water

A crucial component of the Atlas is the inclusion of water stability limits. These are represented by two dashed lines

(often labeled 'a' and 'b') on every diagram. These lines define the region where water is thermodynamically stable.

Outside these lines, water itself undergoes electrolysis:

1.  Line (a) - Hydrogen Evolution: Below this line, water is reduced to hydrogen gas (H ‚). This occurs at E = 

0.000 - 0.0591 pH.

2.  Line (b) - Oxygen Evolution: Above this line, water is oxidized to oxygen gas (O ‚). This occurs at E = 1.229 - 

0.0591 pH.

Most practical corrosion processes occur within these two boundaries, making them the "operating window" for

aqueous electrochemistry.

Case Study: Green Rusts and Iron Equilibria

One of the more complex areas of study mentioned in the research data is the preparation and thermodynamic 

equilibria of Green Rusts. Green rusts are metastable iron(II)-iron(III) hydroxy-salts that appear as intermediates

during the corrosion of iron in carbonate or sulfate-rich environments. 

In the context of the Pourbaix Atlas, green rusts occupy a specific niche within the passivity and corrosion 

boundaries of the iron diagram. Their presence is highly sensitive to the [Fe² z]/[Fe³ z] ratio and the specific anions 

present in the water. The work by JMR Géninand others has expanded upon Pourbaix’s original calculations to

include these complex phases, which are vital for understanding soil chemistry and the remediation of

contaminated groundwater.

Technical Workflow: How to Use the Atlas in Engineering



For a Senior Technical Writer or SEO Content Strategist, explaining the practical application of this data is

paramount. The following step-by-step procedure outlines how engineers utilize the Atlas data for material selection.

Step 1: Identify the Environmental Parameters

Determine the pH of the aqueous solution and the redox potential (ORP) of the environment. For example, a

seawater environment might have a pH of 8.1 and a specific potential depending on oxygen saturation.

Step 2: Locate the Relevant Metal Diagram

Consult the Atlas of Electrochemical Equilibria(e.g., the Marcel Pourbaix 1974 edition) for the specific metal in

question (e.g., Titanium, Aluminum, or Iron).

Step 3: Plot the Point (E, pH)

Plot the environmental parameters on the diagram. If the point falls within the Immunity zone, the metal is safe. If it 

falls in the Passivity zone, the metal is likely safe but requires confirmation that the oxide film is adherent and non-

porous. If it falls in the Corrosion zone, protective measures are necessary.

Step 4: Determine Mitigation Strategies

•  Cathodic Protection: Shift the potential of the metal into the Immunity zone by applying a negative current.

•  Anodic Protection: Shift the potential into the Passivity zone (for metals like Stainless Steel).

•  pH Adjustment: Add chemicals to the solution to move the environment into a Passivity or Immunity region.

Comparative Evaluation: Standard vs. Extreme Conditions

The original 1966 Atlas provides data primarily for 25°C. However, industrial processes often occur at higher

temperatures. Modern researchers use the principles established by Pourbaix to extrapolate data for high-

temperature and high-pressure environments.



Feature Standard Pourbaix Atlas 
(1966/1974)

Modern Computational Models

Temperature Range Standard 25°C Cryogenic to Supercritical (&gt;374°C)

Pressure 1 Atmosphere Variable up to hundreds of bars

Kinetics Thermodynamics Only (Equilibrium) Integration with Tafel slopes and 
exchange current densities

Advanced Applications: Orthopaedics and Nanotechnology

Interestingly, the research data notes the application of Pourbaix diagrams in orthopaedics and orthodontics. In

these fields, metallic implants (such as Titanium or Cobalt-Chrome alloys) are placed inside the human body—a

highly corrosive aqueous environment containing chlorides and organic acids.

The growth of nanotubeson titanium surfaces for better osseointegration relies on electrochemical anodization.

The Atlas provides the starting points for determining the potential-pH windows where these nanostructures can be

grown without dissolving the base metal. By manipulating the E-pH conditions, scientists can control the oxidation

state of the surface, ensuring the implant remains passive and bio-compatible over decades of service.

Troubleshooting and Operational Challenges

While the Atlas of Electrochemical Equilibriais a powerful tool, it is often misused. Here are common operational

challenges and their solutions:

Problem: The metal corrodes even though the diagram shows 'Passivity'.

Solution: Check for Pitting Corrosion. Pourbaix diagrams represent general corrosion but do not always account

for localized breakdown of the passive film due to specific ions like chlorides. Additionally, ensure the diagram

accounts for the temperature of your specific system.

Problem: Discrepancy between theoretical and actual potential.

Solution: Account for Overpotential. Thermodynamics tells us if a reaction is *possible*, but it does not tell us how

*fast* it will happen. Kinetic barriers (overpotentials) can shift the practical boundaries of the diagram.

Problem: Complex alloy behavior.

Solution:Use superposition. For an alloy like 316L Stainless Steel, one must look at the diagrams for Iron,

Chromium, Nickel, and Molybdenum simultaneously to see if their passivity regions overlap at the desired E and

pH.

Synthesis of Thermodynamic Principles in Modern Industry

The legacy of Marcel Pourbaix’s Atlas of Electrochemical Equilibria in Aqueous Solutionsremains

unchallenged in its scope and utility. By providing a 644-page roadmap of the chemical world, Pourbaix enabled

engineers to move beyond trial-and-error and into the realm of predictive science. Whether it is preventing the

degradation of infrastructure, developing new battery chemistries, or ensuring the longevity of medical implants, the

principles of potential and pH equilibrium remain the bedrock of electrochemical analysis.

As we move toward a future of increasingly complex material systems and harsher operating environments, the 



digitization of this data—started by institutions like the University of California and maintained by organizations 

like NACE—ensures that the thermodynamic foundations laid in 1966 continue to support 21st-century innovation.

The Atlas is more than a book; it is a vital tool for any professional dedicated to the science of how materials

survive in the presence of water.
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