GENERAL

analysis of an aluminum zinc alloy

Published: September 3, 2026 | Index ID: #-

Introduction

In the world of lightweight engineering materials, aluminum-zinc alloys have emerged as a versatile and high-
performance option for a wide range of industries. Their unique combination of strength, corrosion resistance, and
manufacturability makes them an attractive alternative to traditional steel and aluminum alloys. This article offers a
comprehensive analysis of an aluminum zinc alloy, exploring its composition, processing, mechanical properties,
corrosion behavior, and practical applications. Whether you are a materials engineer, a product designer, or simply
curious about the science behind modern alloys, this guide will provide you with a deep understanding of why
aluminum-zinc alloys are shaping the future of lightweight construction.

1.What Is an Aluminum Zinc Alloy?

1.1 Basic Definition

An aluminum zinc alloy is a metal alloy primarily composed of aluminum (Al) with zinc (Zn) as the principal alloying
element. Typically, zinc content ranges from 2% to 10%, and the remaining composition includes small amounts of
other elements such as magnesium (Mg), silicon (Si), iron (Fe), and manganese (Mn). These secondary elements
are added to fine-tune the alloy’s properties, including strength, ductility, and corrosion resistance.

1.2 Historical Context

The development of aluminum-zinc alloys dates back to the mid-20th century when researchers sought to create
high-strength, low-density materials for aerospace and automotive applications. The advent of advanced casting
and extrusion technologies in the 1970s and 1980s accelerated the adoption of these alloys, especially in the
aerospace sector where weight savings translate directly into fuel efficiency.

1.3 Key Terminology

e Al-Zn Alloy: Common shorthand for aluminum-zinc alloy.

e Al-2Zn: An alloy containing roughly 2% zinc, often used in structural applications.

¢ Al-7Zn: A higher zinc content alloy with superior strength but reduced ductility.

e Al-Zn-Mg-Si: A ternary alloy system that incorporates magnesium and silicon to improve precipitation
hardening.

2. Composition and Microstructure

2.1 Elemental Breakdown
Below is a typical elemental composition for a high-strength Al-Zn alloy (Al-7Zn-1Mg-0.5Si):

e Aluminum (Al): 86.5-87.5%
Zinc (Zn): 6.5-7.5%

e Magnesium (Mg): 0.5-1.5%
Silicon (Si): 0.2-0.6%

Iron (Fe):

e Manganese (Mn):



¢ Other trace elements:

2.2 Microstructural Features

In an aluminum-zinc alloy, the primary strengthening mechanism is precipitation hardening. When the alloy is
solution-treated and then aged, fine Al<sub>2</sub>Znprecipitates form within the aluminum matrix. These
precipitates impede dislocation motion, thereby increasing the alloy’s yield strength.

Secondary phases such as MgZn2 and AI2Si can also form depending on the presence of magnesium and silicon.
These phases further contribute to the alloy’s strength and improve its resistance to corrosion by acting as barriers
to pitting initiation.
2.3 Effect of Zinc Concentration
The zinc content is directly correlated with mechanical performance:

1. Low Zinc ("d 3%): Offers excellent corrosion resistance but lower tensile strength (~200 MPa).

2. Medium Zinc (4-6%): Balances strength ("H350-400 MPa) and ductility.

3. High Zinc ("e 7%): Provides peak strength (>450 MPa) but requires careful control of processing to mitigate
brittleness.

3. Processing Techniques

3.1 Casting

Aluminum-zinc alloys are typically cast using either gravity casting or investment casting. The choice depends
on part geometry and production volume. Key considerations during casting include:

e Temperature control: Maintaining melt temperatures between 600—650 /°C to prevent premature solidification.
¢ Degassing: Removing dissolved gases to avoid porosity.
¢ Protective atmosphere: Using inert gases (e.g., argon) to minimize oxidation.

3.2 Extrusion

Extrusion is the most common method for producing high-strength Al-Zn alloy components. The process involves:

» Heating the alloy billet to 400-500 /°C.
e Applying a controlled pressure to force the billet through a die.
¢ Cooling the extruded profile to room temperature.

Extrusion offers excellent dimensional accuracy and surface finish, making it ideal for structural parts such as
aircraft spars, automotive chassis components, and high-performance sporting goods.

3.3 Heat Treatment (Solutionizing and Aging)

Precipitation hardening requires a precise heat treatment schedule:

1. Solutionizing: Heating the alloy to 520-540 /°C for 1-2 hours to dissolve alloying elements.
2. Quenching: Rapidly cooling the alloy in water or oil to lock in a supersaturated solid solution.
3. Aging: Reheating the alloy to 160-190 /°C for 8—12 hours to precipitate fine Al2Zn particles.

Variations in aging time and temperature can tailor the strength and ductility for specific applications.

4. Mechanical Properties

4.1 Tensile Strength and Yield Strength
Typical values for a well-processed Al-Zn alloy (Al-7Zn-1Mg-0.5Si) are:



¢ Ultimate Tensile Strength (UTS): 500-520 MPa
¢ Yield Strength (YS): 350-380 MPa
e Elongation to Fracture: 12-15%

4.2 Hardness

Vickers hardness (HV) ranges from 110 to 130 depending on the aging conditions. Hardness testing provides a
quick assessment of the alloy’s work-hardening behavior.

4.3 Fatigue Resistance

Aluminum-zinc alloys exhibit excellent high-cycle fatigue performance. The presence of fine precipitates reduces
crack initiation sites, thereby extending service life in cyclic loading environments. Typical fatigue strength for a 107
cycles life is above 200 MPa.

4.4 Impact Resistance

Impact testing (Charpy V-notch) shows moderate toughness (~40—-45 J) for fully aged alloys. However, pre-aged or
partially aged alloys can achieve higher impact energy due to retained ductility.

5. Corrosion Behavior

5.1 General Corrosion Resistance

Aluminum-zinc alloys are highly resistant to uniform corrosion in marine and humid environments. The passive
oxide layer formed on the surface protects the underlying metal from further attack.

5.2 Pitting Corrosion

One of the main concerns with high-zinc content alloys is pitting corrosion, especially in chloride-rich environments.
To mitigate this, manufacturers often add small amounts of silicon or magnesium to refine the microstructure and
suppress pitting initiation.

5.3 Galvanic Corrosion

When paired with dissimilar metals such as steel or copper, aluminum-zinc alloys can suffer galvanic corrosion.
Proper design, including the use of insulating coatings or sacrificial anodes, is essential to prevent accelerated
degradation.

6. Surface Treatments and Coatings

6.1 Anodizing

Anodizing creates a thicker, more porous oxide layer that can be dyed for color or filled with sealants to improve
corrosion resistance. Typical anodized thicknesses range from 5-10 /um.

6.2 Powder Coating

Powder coatings provide a durable, high impact surface finish. They also act as a barrier against environmental
factors, reducing the risk of oxidation and pitting.

6.3 Chromate Conversion Coating

Chromate coatings are often used in aerospace applications to enhance corrosion resistance and improve paint
adhesion. However, due to environmental concerns, alternatives such as phosphate or titanium-based coatings are
increasingly preferred.



7. Applications Across Industries

7.1 Aerospace

Aluminum-zinc alloys are extensively used in aircraft components such as wing spars, fuselage frames, and
landing gear brackets. Their high strength-to-weight ratio directly contributes to fuel savings and lower operating
costs.

7.2 Automotive

In the automotive sector, these alloys are employed in chassis components, suspension parts, and engine blocks.
They help manufacturers meet stringent weight reduction targets while maintaining crash worthiness.

7.3 Marine

Marine structures, including boat hulls and offshore platforms, benefit from the alloy’s resistance to salt water
corrosion. When combined with proper coatings, they can achieve service lives exceeding 20 years.

7.4 Consumer Electronics

High performance consumer electronics, such as laptops and smartphones, use aluminum-zinc alloys for chassis
and internal mounting brackets to reduce device weight and improve heat dissipation.

7.5 Sporting Goods

From high end bicycles to golf club shafts, the lightweight yet strong nature of Al-Zn alloys allows for superior
performance and durability.

8. Testing and Characterization Methods

8.1 Metallurgical Analysis

* Optical Microscopy: Reveals grain size and precipitate distribution.
¢ Scanning Electron Microscopy (SEM): Provides high resolution imaging of microstructural features.
* X ray Diffraction (XRD): Identifies crystalline phases such as Al2Zn.

8.2 Mechanical Testing

e Tensile Test: Determines UTS, YS, and elongation.
e Hardness Test: Vickers or Rockwell hardness to assess work hardening.
¢ Impact Test: Charpy V Notch for toughness.

8.3 Corrosion Testing

« Electrochemical Impedance Spectroscopy (EIS): Measures corrosion resistance in real time.
e Salt Spray Test: Evaluates pitting propensity under chloride exposure.
e Potentiodynamic Polarization: Determines corrosion potential and current density.

9. Case Study: Aircraft Wing Spar Fabrication

In a recent project, an aerospace manufacturer replaced a traditional aluminum alloy wing spar with an
Al-7Zn-1Mg-0.5Si alloy. The new spar achieved a 12% reduction in weight while maintaining the same structural
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