
pourbaix diagram of cobalt
pourbaix diagram of cobalt is an essential tool in understanding the electrochemical
behavior and stability of cobalt species in aqueous environments. This diagram graphically
represents the thermodynamically stable phases of cobalt as functions of pH and electrode
potential, offering valuable insight into corrosion resistance, passivation, and dissolution
phenomena. It plays a critical role in various industrial applications, including catalysis,
battery technology, and material science, where cobalt’s chemical stability is paramount.
This article explores the fundamental principles behind the pourbaix diagram of cobalt,
the interpretation of its regions, and its practical implications. Additionally, the discussion
includes the chemical species involved, the effect of environmental conditions, and the use
of pourbaix diagrams in predicting cobalt corrosion and protection strategies. The
following sections provide a detailed analysis relevant for researchers, engineers, and
professionals working with cobalt and its compounds.
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Fundamentals of Pourbaix Diagrams
Pourbaix diagrams, also known as potential-pH diagrams, are graphical representations
that illustrate the stable phases of an element as a function of the electrochemical
potential (E) and pH of the solution. Developed by Marcel Pourbaix, these diagrams
synthesize thermodynamic data to predict the predominant species under specific
environmental conditions. They are widely used in corrosion science, environmental
chemistry, and electrochemistry to assess the likelihood of metal dissolution, passivation,
or corrosion.

The axes of a pourbaix diagram are defined by pH on the horizontal axis and electrode
potential (E) versus a standard reference electrode on the vertical axis. Each region within
the diagram corresponds to a stable phase or species of the element, such as metallic
form, oxides, hydroxides, or dissolved ions. The boundaries between regions represent
equilibrium lines where two phases coexist.

Thermodynamic Basis
The construction of a pourbaix diagram relies on the Nernst equation and thermodynamic
equilibrium constants. The Nernst equation relates the electrode potential to the



concentrations of redox species, while equilibrium constants account for acid-base
equilibria and solubility. This combined approach enables the prediction of cobalt species
stability over a wide range of pH and potential values.

Common Uses in Electrochemistry
Pourbaix diagrams serve as indispensable tools for:

Predicting corrosion and passivation behavior of metals and alloys.

Designing electrochemical cells and batteries involving metal electrodes.

Understanding environmental mobility and speciation of metals.

Developing strategies for industrial metal treatment and recovery.

Structure and Interpretation of the Pourbaix
Diagram of Cobalt
The pourbaix diagram of cobalt delineates the stable phases of cobalt under varying pH
and potential conditions. It typically includes regions representing metallic cobalt (Co),
cobalt oxides (CoO, Co3O4), hydroxides (Co(OH)2), and soluble ionic species such as Co2+
and Co3+. Understanding the diagram's structure is crucial for predicting cobalt’s
behavior in aqueous systems.

Metallic Region
The metallic cobalt region is located at lower electrode potentials and spans a range of pH
values where cobalt remains in its elemental, unoxidized state. This region indicates
conditions under which cobalt is thermodynamically stable and resistant to oxidation or
corrosion. Operating within this domain helps maintain cobalt’s integrity in practical
applications.

Oxide and Hydroxide Regions
At higher potentials and certain pH ranges, cobalt forms stable oxide and hydroxide
layers, such as CoO and Co(OH)2. These compounds contribute to passivation by creating
protective films that inhibit further corrosion. The presence of mixed oxides like Co3O4 is
also common, especially under alkaline conditions, enhancing surface stability.



Dissolution Region
Regions where cobalt ions predominate correspond to conditions favoring cobalt
dissolution. In acidic to neutral pH and elevated potentials, cobalt dissolves as Co2+ or
Co3+ ions, indicating susceptibility to corrosion. Identifying these zones is critical for
anticipating material degradation and planning mitigation measures.

Cobalt Species in Aqueous Solutions
The aqueous chemistry of cobalt is characterized by multiple oxidation states and
coordination complexes. The pourbaix diagram reflects the stability of these species as a
function of environmental parameters, shaping cobalt’s electrochemical profile.

Common Oxidation States
Cobalt primarily exists in the +2 and +3 oxidation states in aqueous media. The Co2+ ion
is prevalent under reducing and acidic conditions, while Co3+ species appear under
oxidizing and alkaline environments. The stability of these ions depends on pH and redox
potential, as mapped by the pourbaix diagram.

Solid Phases and Precipitates
Several solid cobalt compounds form depending on pH and potential:

Cobalt(II) hydroxide (Co(OH)2): Stable in mildly alkaline conditions, contributing
to passivation.

Cobalt(II) oxide (CoO): Forms under oxidizing conditions at moderate pH.

Cobalt(III) oxide (Co3O4): Stable in alkaline, oxidizing environments, often
forming protective surface layers.

Complex Ion Formation
In the presence of ligands such as chloride or sulfate, cobalt can form complex ions, which
alter its stability in solution. Although not typically represented directly in basic pourbaix
diagrams, these complexes influence cobalt’s environmental mobility and corrosion
behavior.

Applications of the Pourbaix Diagram of Cobalt
The pourbaix diagram of cobalt is instrumental in various scientific and industrial fields,



guiding the understanding and control of cobalt’s electrochemical properties.

Corrosion Prevention and Control
By identifying stable phases and dissolution zones, the diagram assists in developing
corrosion-resistant cobalt-based materials and coatings. It enables engineers to tailor
environmental conditions or alloy compositions to favor passivation over corrosion.

Battery and Energy Storage Technologies
Cobalt is widely used in lithium-ion batteries and other energy storage devices. The
pourbaix diagram helps optimize electrode design by clarifying conditions under which
cobalt remains stable, enhancing battery longevity and performance.

Catalysis and Material Synthesis
The catalytic behavior of cobalt compounds depends on their oxidation states and surface
chemistry. Utilizing the pourbaix diagram, chemists can control synthesis conditions to
obtain desired cobalt oxides or hydroxides with specific catalytic properties.

Factors Influencing Cobalt Stability
Several factors impact the stability regions portrayed in the pourbaix diagram of cobalt,
affecting its electrochemical behavior in real-world scenarios.

pH Variations
The pH of the solution critically determines the dominant cobalt species. Acidic
environments favor cobalt ion dissolution, whereas alkaline conditions promote oxide and
hydroxide formation, leading to passivation.

Electrode Potential
The applied or environmental electrode potential drives redox reactions that convert
cobalt between metallic, oxide, and ionic states. Controlling potential can thus influence
cobalt’s surface chemistry and corrosion resistance.

Presence of Complexing Agents
Complexing ligands such as chloride, carbonate, or organic molecules can stabilize cobalt
ions in solution, potentially expanding or shifting dissolution regions and complicating
corrosion predictions.



Temperature and Concentration Effects
Although standard pourbaix diagrams assume constant temperature and concentration,
variations in these parameters affect thermodynamic equilibria. Elevated temperatures or
altered cobalt concentrations can shift stability boundaries and modify corrosion behavior.

pH and redox potential dictate cobalt’s electrochemical stability.1.

Oxide and hydroxide layers enhance passivation and corrosion resistance.2.

Complexation alters cobalt ion solubility and mobility.3.

Environmental factors influence the practical application of the diagram.4.

Frequently Asked Questions

What is a Pourbaix diagram and how is it used for
cobalt?
A Pourbaix diagram is a graphical representation of the thermodynamic stability of
different phases of a metal as a function of pH and electrode potential. For cobalt, it shows
the stable forms such as Co metal, Co2+, and various cobalt oxides or hydroxides in
aqueous environments.

What are the main species present in the cobalt
Pourbaix diagram?
The main species in the cobalt Pourbaix diagram include metallic cobalt (Co), cobalt ions
such as Co2+, and cobalt oxides/hydroxides like Co(OH)2 and Co3O4, depending on the
pH and potential.

At what pH and potential does cobalt metal tend to
corrode according to its Pourbaix diagram?
Cobalt metal tends to corrode at higher potentials and acidic to neutral pH values where
Co2+ ions are stable. Under alkaline conditions, cobalt forms passivating oxide or
hydroxide layers that protect it from corrosion.

How does the Pourbaix diagram of cobalt help in
corrosion prevention?
The Pourbaix diagram helps identify conditions under which cobalt remains stable or
corrodes. By maintaining environmental pH and potential within the stable metal region,



corrosion can be minimized. It also helps in selecting appropriate coatings or inhibitors.

What factors can influence the accuracy of a cobalt
Pourbaix diagram?
Factors include temperature, ionic strength, presence of complexing agents, and kinetic
effects. The Pourbaix diagram is a thermodynamic tool and does not account for reaction
kinetics, so actual corrosion behavior may differ.

Additional Resources
1. Pourbaix Diagrams and Corrosion Behavior of Cobalt Alloys
This book delves into the electrochemical stability of cobalt and its alloys in various
aqueous environments, using Pourbaix diagrams as a fundamental tool. It explains how
these diagrams predict corrosion and passivation tendencies, providing insights for
materials scientists and engineers. The text also covers practical applications in
biomedical implants and industrial catalysis.

2. Electrochemical Thermodynamics of Transition Metals: The Case of Cobalt
Focusing on the electrochemical thermodynamics of transition metals, this volume
emphasizes cobalt’s behavior in aqueous solutions. It includes detailed Pourbaix diagrams
and explains their construction and interpretation. Readers will find comprehensive
discussions on cobalt oxidation states, phase stability, and implications for corrosion
resistance.

3. Corrosion Science: Understanding Cobalt Through Pourbaix Diagrams
This book offers an in-depth exploration of corrosion science with a special focus on
cobalt. It utilizes Pourbaix diagrams to illustrate the metal’s behavior under different pH
and potential conditions. The book is ideal for corrosion engineers and researchers aiming
to mitigate cobalt degradation in various environments.

4. Applications of Pourbaix Diagrams in Cobalt-Based Catalysts
Highlighting the role of cobalt in catalysis, this book explains how Pourbaix diagrams
assist in optimizing catalyst stability and performance. It discusses the electrochemical
environment’s impact on cobalt oxides and hydroxides, crucial for water splitting and
Fischer-Tropsch synthesis. The practical approach aids chemists and chemical engineers
in catalyst design.

5. Surface Chemistry and Electrochemical Stability of Cobalt
This text investigates the surface chemistry of cobalt and its electrochemical stability
using Pourbaix diagrams as a framework. It explores cobalt’s interactions with aqueous
media, including passivation layers and corrosion products. The book serves as a valuable
resource for surface scientists and electrochemists.

6. Advanced Materials for Energy Storage: Cobalt and Pourbaix Diagrams
Focusing on energy storage materials, this book examines the role of cobalt in batteries
and supercapacitors. Pourbaix diagrams are used to understand cobalt electrode stability
and degradation mechanisms. The book bridges fundamental electrochemistry with
practical applications in renewable energy technologies.



7. Thermodynamic Modeling of Cobalt Electrochemistry Using Pourbaix Diagrams
This book provides a comprehensive guide to thermodynamic modeling techniques for
cobalt electrochemistry. It covers the generation and use of Pourbaix diagrams to predict
phase equilibria and corrosion behavior. Researchers will appreciate the detailed
methodologies and case studies included.

8. Corrosion and Protection of Cobalt in Aqueous Environments
Addressing the challenges of cobalt corrosion, this book discusses protection strategies
based on electrochemical principles. Pourbaix diagrams are central to understanding the
conditions leading to corrosion or passivation. The text is useful for materials engineers
working on cobalt-containing devices and structures.

9. Electrochemical Properties of Cobalt Oxides: Insights from Pourbaix Diagrams
This book focuses on the electrochemical properties of various cobalt oxides, highlighting
their stability regions via Pourbaix diagrams. It explores how these properties influence
applications in catalysis, sensors, and energy devices. The comprehensive coverage makes
it an essential reference for electrochemists and materials scientists.
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significant research, reporting new methodologies, and important applications in the fields of
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new methods and efficient approaches for chemists. With clear explanations, real-world examples,
this volume emphasizes the concepts essential to the practice of chemical science, engineering, and
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2012 Annual Meeting & Exhibition Orlando, Florida, USA March 11-15, 2012
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Burstein), covering the range of innovations and applications that have emerged in the years since
its publication. Developed in partnership with experts from the Corrosion and Protection Centre at
the University of Manchester, Shreir’s Corrosion meets the research and productivity needs of
engineers, consultants, and researchers alike. Incorporates coverage of all aspects of the corrosion
phenomenon, from the science behind corrosion of metallic and non-metallic materials in liquids and



gases to the management of corrosion in specific industries and applications Features cutting-edge
topics such as medical applications, metal matrix composites, and corrosion modeling Covers the
benefits and limitations of techniques from scanning probes to electrochemical noise and impedance
spectroscopy
  pourbaix diagram of cobalt: Polymer Electrolyte Fuel Cell Degradation Matthew M. Mench,
Emin Caglan Kumbur, T. Nejat Veziro glu, 2011-09-14 For full market implementation of PEM fuel
cells to become a reality, two main limiting technical issues must be overcome- cost and durability.
This cutting-edge volume directly addresses the state-of-the-art advances in durability within every
fuel cell stack component. [...] chapters on durability in the individual fuel cell components --
membranes, electrodes, diffusion media, and bipolar plates -- highlight specific degradation modes
and mitigation strategies. The book also includes chapters which synthesize the component-related
failure modes to examine experimental diagnostics, computational modeling, and laboratory
protocol--Back cover.
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Dreisinger, Matthew Jeffrey, Jaeheon Lee, Graeme Miller, Jochen Petersen, Virginia S. T. Ciminelli,
Qian Xu, Ronald Molnar, Jeff Adams, Wenying Liu, Niels Verbaan, John Goode, Ian M. London, Gisele
Azimi, Alex Forstner, Ronel Kappes, Tarun Bhambhani, 2018-08-18 This three volume set presents
papers from the first collaborative global metallurgy conference focused exclusively on extractive
topics, including business and economic issues. Contributions examine new developments in
foundational extractive metallurgy topics and techniques, and present the latest research and
insights on emerging technologies and issues that are shaping the global extractive metallurgy
industry. The book is organized around the following main themes: hydrometallurgy,
pyrometallurgy, sulfide flotation, and extractive metallurgy markets and economics.
  pourbaix diagram of cobalt: Advances in Synthesis of Metallic, Oxidic and Composite
Powders Srecko Stopic, Bernd Friedrich, 2021-02-16 Advances in synthesis of metallic, oxidic and
composite powders were presented via the following methods: ultrasound-assisted leaching¸
ultrasonic spray pyrolysis, hydrogenation, dehydrogenation, ball milling, molten salt electrolysis,
galvanostatic electrolysis, hydrogen reduction, thermochemical decomposition, inductively coupled
thermal plasma, precipitation and high pressure carbonation in an autoclave. This Special Issue
contains 17 papers from Europe, Asia, Australia, South Africa and the Balkans. The synthesis was
focused on metals: Co, Cu; Re; oxides: ZnO, MgO, SiO2; V2O5; sulfides: MoS2, core shell material:
Cu-Al2O3, Pt/TiO2; compounds: Ca0.75Ce0.25ZrTi2O7, Mo5Si3, Ti6Al4V. The environmentally
friendly strategies were presented at the carbonation of olivine, treatment of acid mine drainage
water and production of vanadium oxide.
  pourbaix diagram of cobalt: Elements of a Sustainable World John Evans, 2020-09-18 We
have 118 known chemical elements as our palette in our context of sustaining our world. Our
context is considered in terms of the four spheres of the ancient world: Earth, Air, Fire and Water.
This book shows how chemical principles can be used to understand the pressures on our world,
spanning from greenhouse emissions through freshwater supplies to energy generation and storage.
The supply of the chemical elements is key to their contribution to alleviating these pressures. Most
synthetic and radioactive elements are not available in sufficient supply to contribute in this. Some
solutions, such as wind turbines, batteries, fuel cells and automotive exhaust remediation pose
questions about sustainable supplies of critical elements. With an eye on the target of the IPCC of
capping the temperature anomaly to 1.5 oC (RCP2.6), options for carbon capture and storage, and
the generation of energy and element supply from the sea are assessed. The consequences of the
escape of plastics and pharmaceuticals into the wider environment for water integrity are also



considered. This book is designed around providing a one semester course for students who have
entered at least the second level of university chemistry. It provides explanations and entries to
current environmental issues. For students of environmental science, it provides an understanding
of the chemical principles underpinning the causes and possible solutions to these issues. Each
chapter has a set appropriate study questions. A study guide is available for the book.
  pourbaix diagram of cobalt: Copper Interconnects, New Contact Metallurgies/structures, and
Low-k Interlevel Dielectrics G. S. Mathad, 2001
  pourbaix diagram of cobalt: Fundamentals of Electrochemical Corrosion Ele Eugene
Stansbury, Robert Angus Buchanan, 2000-01-01 Covering the essential aspects of the corrosion
behavior of metals in aqueous environments, this book is designed with the flexibility needed for use
in courses for upper-level undergraduate and graduate students, for concentrated courses in
industry, for individual study, and as a reference book.
  pourbaix diagram of cobalt: Proton Exchange Membrane Fuel Cells 7 , 2007
  pourbaix diagram of cobalt: An Extractive Metallurgy Study of Deep-sea Manganese Nodules
with Special Emphasis on the Sulfuric Acid Autoclave Leach Gale Lee Hubred, 1973
  pourbaix diagram of cobalt: Nano Technology for Battery Recycling, Remanufacturing,
and Reusing Siamak Farhad, Ram K. Gupta, Ghulam Yasin, Tuan Anh Nguyen, 2022-04-28
Nanotechnology for Battery Recycling, Remanufacturing, and Reusing explores how nanotechnology
is currently being used in battery recycling, remanufacturing and reusing technologies to make them
economically and environmentally feasible. The book shows how nanotechnology can be used to
enhance and improve battery recycling, remanufacturing and reusing technologies, covering the
fundamentals of battery recycling, remanufacturing and reusing technologies, the role of
nanotechnology, the separation, regeneration and reuse of nanomaterials from battery waste,
nano-enabled approaches for battery recycling, and nano-enabled approaches for battery
remanufacturing and reusing. This book will help researchers and engineers to better understand
the role of nanotechnology in the field of battery recycling, remanufacturing and reusing. It will be
an important reference source for materials scientists and engineers who would like to learn more
about how nanotechnology is being used to create new battery recycling processes. - Outlines
practical and cost-efficient processes for recycling and reusing batteries - Highlights the different
types of nanomaterials used in battery recycling processes - Assesses major challenges with
integrating nanotechnology into battery manufacturing processes on an industrial scale
  pourbaix diagram of cobalt: Chemical Energy Storage Robert Schlögl, 2022-01-19 Energy – in
the headlines, discussed controversially, vital. The use of regenerative energy in many primary forms
leads to the necessity to store grid dimensions for maintaining continuous supply and enabling the
replacement of fossil fuel systems. Chemical energy storage is one of the possibilities besides
mechano-thermal and biological systems. This work starts with the more general aspects of chemical
energy storage in the context of the geosphere and evolves to dealing with aspects of
electrochemistry, catalysis, synthesis of catalysts, functional analysis of catalytic processes and with
the interface between electrochemistry and heterogeneous catalysis. Top-notch experts provide a
sound, practical, hands-on insight into the present status of energy conversion aimed primarily at
the young emerging research front.
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