al mg phase diagram

al mg phase diagram plays a crucial role in understanding the metallurgical behaviors of
aluminum-magnesium alloys, which are widely used in aerospace, automotive, and packaging
industries. The aluminum-magnesium (Al-Mg) phase diagram provides essential information about
the phases present at various compositions and temperatures, influencing alloy design and heat
treatment processes. This phase diagram illustrates the solubility limits, intermetallic compounds,
and phase transformations that occur between aluminum and magnesium. By analyzing the Al-Mg
phase diagram, metallurgists and materials scientists can predict microstructural changes,
mechanical properties, and corrosion resistance of Al-Mg alloys. This article delves into the
fundamental aspects of the Al-Mg phase diagram, its key features, and its applications in alloy
development. The discussion also covers the phase boundaries, equilibrium phases, and the impact
of phase evolution on alloy performance. The following sections provide a detailed exploration of the
Al-Mg phase diagram, including its thermodynamic basis and practical implications.
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Overview of the Aluminum-Magnesium System

The aluminum-magnesium binary system is an important alloy system characterized by limited
mutual solubility and the formation of intermetallic compounds. The Al-Mg phase diagram
represents the equilibrium phases formed between pure aluminum and pure magnesium across a
range of temperatures and compositions. This system exhibits a eutectic reaction, where liquid
transforms into two solid phases simultaneously, and several solid solution regions. Understanding
this binary system provides insight into the behavior of commercial Al-Mg alloys, which typically
contain up to 15% magnesium by weight. The system is notable for its lightweight properties, good
strength, and excellent corrosion resistance, making it suitable for structural applications.

Composition and Temperature Range

The Al-Mg phase diagram covers compositions from 0 to 100 atomic percent magnesium and
temperatures from room temperature up to the melting points of aluminum (660°C) and magnesium
(650°C). The diagram shows the liquidus and solidus lines, indicating the temperatures at which
melting and solidification occur for different compositions. The phase boundaries delineate the



regions where different solid phases coexist or where solid and liquid phases are in equilibrium.

Phase Equilibria and Solubility Limits

At high temperatures, aluminum and magnesium exhibit significant limited solid solubility in each
other, forming substitutional solid solutions. The maximum solubility of magnesium in aluminum is
about 17.4% at the eutectic temperature, while the solubility of aluminum in magnesium is
substantially lower. These solubility limits are critical for alloy design and heat treatment, as they
influence the formation of precipitates and the overall microstructure.

Key Features of the Al Mg Phase Diagram

The Al-Mg phase diagram is characterized by several distinct features that govern the phase
behavior of alloys in this system. These features include the eutectic reaction, solubility ranges, and
the presence of intermetallic phases. Understanding these elements is essential for interpreting the
phase transformations and mechanical properties of Al-Mg alloys.

Eutectic Reaction

The eutectic reaction in the Al-Mg system occurs at approximately 437°C and near 33 weight
percent magnesium. At this temperature and composition, the liquid phase solidifies into two solid
phases simultaneously: the aluminum-rich solid solution (a phase) and the magnesium-rich solid
solution (B phase). This eutectic point is significant because it defines the lowest melting
temperature for mixtures of aluminum and magnesium and affects the casting and solidification
behavior of alloys.

Solid Solutions and Intermetallic Compounds

The Al-Mg system primarily forms two solid solutions: the « phase, which is aluminum-rich, and the
B phase, which is magnesium-rich. In addition, intermetallic compounds such as AlI3Mg2 (also known
as the P phase in some contexts) can form. These intermetallics influence the mechanical properties
and corrosion resistance of the alloys. The presence and distribution of these phases depend on the
alloy composition and thermal history.

Phase Boundaries and Solvus Lines

Phase boundaries in the diagram indicate the transition temperatures between single-phase and
two-phase regions. The solvus lines mark the limits of solid solubility for magnesium in aluminum
and vice versa. These lines shift with temperature changes, affecting the precipitation and
dissolution of phases during heat treatment.



Phases and Microstructures in Al-Mg Alloys

The microstructure of Al-Mg alloys is directly influenced by the phases present, which are
determined from the Al Mg phase diagram. The distribution, morphology, and volume fraction of
these phases govern the mechanical and physical properties of the alloys.

Alpha (a) Phase

The a phase is a face-centered cubic (FCC) solid solution primarily composed of aluminum with
dissolved magnesium atoms. This phase is ductile and contributes to the alloy's formability and
corrosion resistance. The a phase can dissolve up to 17.4% magnesium at the eutectic temperature,
making it the dominant phase in many commercial alloys.

Beta (B) Phase and Intermetallics

The B phase is a magnesium-rich phase with a different crystal structure, often body-centered cubic
(BCC) or complex intermetallic compounds like AI3Mg?2. This phase is harder and less ductile than
the a phase and can form as precipitates or continuous networks along grain boundaries. The
presence of B phase enhances strength but may reduce ductility and corrosion resistance if present
in excessive amounts.

Microstructural Evolution During Cooling

As Al-Mg alloys cool from the liquid state, the microstructure evolves depending on composition and
cooling rate. Near the eutectic composition, a fine lamellar mixture of a and B phases forms. For
alloys with lower magnesium content, primary o phase dendrites precipitate first, followed by the
eutectic mixture. Cooling rate affects the size and distribution of phases, influencing mechanical
properties.

Thermodynamics and Phase Transformations

The equilibrium phases and transformations depicted in the Al Mg phase diagram are governed by
thermodynamic principles, including Gibbs free energy minimization and phase stability.
Understanding these thermodynamic aspects is critical for controlling alloy microstructures through
heat treatment and processing.

Gibbs Free Energy and Phase Stability

The stability of phases in the Al-Mg system depends on their Gibbs free energy at given
temperatures and compositions. The phase with the lowest Gibbs free energy is thermodynamically
favored. The phase diagram represents boundaries where the free energies of competing phases are
equal, leading to coexistence. Thermodynamic modeling helps predict phase fractions and
transformations during alloy processing.



Eutectic and Solid-State Transformations

The eutectic reaction is a first-order phase transformation where the liquid phase transforms into
two solid phases simultaneously. Additionally, solid-state transformations can occur between single-
phase and two-phase regions as the alloy cools. These transformations involve diffusion of atoms and
nucleation of new phases, affecting microstructure and mechanical properties.

Heat Treatment Effects

Heat treatment processes such as solution treatment, quenching, and aging rely on the phase
diagram to optimize alloy properties. For example, solution treatment above the solvus line dissolves
precipitates, creating a homogeneous solid solution. Controlled cooling and aging promote
precipitation of strengthening phases, enhancing hardness and strength.

Applications of the Al-Mg Phase Diagram in Industry

The Al-Mg phase diagram is extensively used in industries to design alloys with tailored properties
and optimize manufacturing processes. Its relevance spans aerospace, automotive, marine, and
packaging sectors due to the advantageous properties of Al-Mg alloys.

Aerospace and Automotive Engineering

In aerospace and automotive applications, Al-Mg alloys are favored for their high strength-to-weight
ratios and corrosion resistance. The phase diagram guides alloy selection and heat treatment
schedules to achieve optimal mechanical performance and durability under service conditions.

Marine and Packaging Industries

The corrosion resistance of Al-Mg alloys makes them suitable for marine environments and food
packaging. Understanding the phase diagram helps in controlling phase distribution to maximize
corrosion resistance and mechanical integrity in harsh conditions.

Manufacturing and Welding

Welding and casting processes require knowledge of the Al-Mg phase diagram to prevent
undesirable phases or cracking. Control of cooling rates and composition adjustments based on the
diagram can improve weld quality and reduce defects.

Factors Affecting Phase Stability and Alloy Properties

Several factors influence the phase stability and resulting properties of Al-Mg alloys beyond the
basic phase diagram information. These include alloying elements, impurities, mechanical
deformation, and environmental conditions.



Alloying Additions

Elements such as manganese, silicon, and zinc are often added to Al-Mg alloys to enhance strength,
corrosion resistance, and manufacturability. These additions can shift phase boundaries and
solubility limits, altering the microstructure predicted by the binary Al-Mg phase diagram.

Impurities and Processing Conditions

Impurities like iron and copper can form secondary phases and affect corrosion behavior. Processing
conditions such as cooling rate, deformation, and heat treatment influence phase nucleation and
growth, modifying the microstructure and properties.

Corrosion and Mechanical Behavior

The distribution and amount of p phase and intermetallics significantly affect corrosion resistance
and mechanical strength. Optimizing these phases through control of composition and thermal
treatment based on the Al-Mg phase diagram is essential for reliable alloy performance.

—_

. Understand the eutectic reaction and solubility limits for precise alloy design.
2. Control heat treatment parameters to manipulate phase transformations.

3. Consider alloying elements and impurities for enhanced properties.

4. Apply phase diagram knowledge to optimize manufacturing processes.

5. Monitor microstructure evolution to predict mechanical and corrosion behavior.

Frequently Asked Questions

What is the Al-Mg phase diagram?

The Al-Mg phase diagram represents the equilibrium phases and microstructures formed in
aluminum-magnesium alloys at various compositions and temperatures.

What are the main phases present in the Al-Mg phase
diagram?

The main phases in the Al-Mg phase diagram include the aluminum-rich solid solution (a),
magnesium-rich solid solution (B), and intermetallic compounds such as AI3Mg2 (B phase).



At what composition does the Al-Mg system show a eutectic
reaction?

The Al-Mg system exhibits a eutectic reaction at approximately 33 wt% Mg, where liquid transforms
into « (Al-rich solid solution) and B (Al13Mg2) phases upon cooling.

How does magnesium content affect the melting point in Al-
Mg alloys?

Increasing magnesium content generally lowers the melting point of the alloy compared to pure
aluminum due to the formation of eutectic mixtures and intermetallic phases.

What is the significance of the B phase (AI13Mg2) in the Al-Mg
phase diagram?

The B phase (Al13Mg2) is an intermetallic compound that affects mechanical properties and corrosion
resistance; its formation is crucial in determining the microstructure of Al-Mg alloys at higher Mg
contents.

Can the Al-Mg phase diagram be used to predict heat
treatment outcomes?

Yes, the Al-Mg phase diagram helps predict phase transformations during heat treatment, enabling
control over microstructure and mechanical properties of the alloy.

Is the Al-Mg system considered a binary or ternary phase
diagram?

The Al-Mg system is a binary phase diagram because it involves only two elements: aluminum (Al)
and magnesium (Mg).

What temperature range does the Al-Mg phase diagram cover?

The Al-Mg phase diagram typically covers temperatures from room temperature up to about 700°C,
encompassing melting and solidification behavior.

How does the Al-Mg phase diagram assist in alloy design?

By understanding the phase equilibria and solubility limits shown in the Al-Mg phase diagram,
engineers can design alloys with desired combinations of strength, ductility, and corrosion
resistance.

Additional Resources

1. Aluminum-Magnesium Alloys: Phase Diagrams and Microstructures
This book provides a comprehensive overview of the Al-Mg alloy system, focusing on phase diagrams



and their significance in alloy design. It covers the thermodynamic principles governing phase
transformations and explains how microstructures evolve in different compositions. The detailed
phase diagrams serve as essential tools for materials scientists and engineers working with
lightweight, corrosion-resistant alloys.

2. Phase Equilibria in Aluminum-Magnesium Systems

This text delves into the experimental and theoretical aspects of phase equilibria within the Al-Mg
system. It presents high-quality phase diagrams derived from both calorimetric data and
metallographic studies. The book also discusses the implications of phase stability on mechanical
properties and corrosion behavior in marine and automotive applications.

3. Thermodynamics and Phase Diagrams of Aluminum Alloys

Focusing on the thermodynamic modeling of aluminum-based alloys, this book includes detailed
sections on the Al-Mg phase diagram. It explains the calculation methods used to predict phase
boundaries and solubility limits. Readers will find valuable insights into how these diagrams inform
alloy processing and heat treatment techniques.

4. Microstructural Evolution in Al-Mg Alloys: Phase Diagram Perspectives

This book links phase diagram data with practical microstructural changes observed in Al-Mg alloys
during thermal and mechanical treatments. It highlights the correlation between phase stability and
precipitation phenomena that affect alloy strength and ductility. Case studies illustrate real-world
applications in aerospace and transportation sectors.

5. Computational Approaches to Aluminum-Magnesium Phase Diagrams

Covering modern computational techniques, this book explores how simulation tools are used to
generate and interpret Al-Mg phase diagrams. It discusses CALPHAD (Calculation of Phase
Diagrams) methodology and its role in alloy design optimization. The book is ideal for researchers
interested in combining computational thermodynamics with experimental data.

6. Corrosion and Phase Stability in Al-Mg Alloys

This volume examines the relationship between phase equilibria and corrosion resistance in
aluminum-magnesium alloys. It discusses how phase composition and distribution influence
susceptibility to different types of corrosion. The book provides practical guidelines for selecting
alloy compositions based on phase diagram insights to enhance durability.

7. Aluminum-Magnesium Phase Diagrams: Experimental Techniques and Analysis

Focusing on laboratory methods, this book details the experimental procedures used to construct
accurate Al-Mg phase diagrams. It covers techniques such as differential scanning calorimetry, X-ray
diffraction, and electron microscopy. The text also addresses common challenges and errors
encountered during phase diagram determination.

8. Lightweight Alloys: AI-Mg Phase Diagram Applications in Industry

This industry-oriented book discusses how Al-Mg phase diagrams inform the development of
lightweight alloys for automotive, aerospace, and marine uses. It emphasizes the balance between
mechanical performance and corrosion resistance achievable through controlled phase composition.
Practical case studies demonstrate alloy selection and processing strategies.

9. Advanced Materials Design Using Aluminum-Magnesium Phase Diagrams

Targeting materials scientists and engineers, this book presents advanced concepts in designing Al-
Mg alloys based on phase diagram knowledge. It explores novel alloying additions and heat
treatment regimes to tailor properties for specific applications. The comprehensive treatment



bridges fundamental science and industrial application, promoting innovation in material
development.
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