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INTRODUCTION TO THE ANALYSIS OF AN ALUMINUM
ZINC ALLOY

In the realm of materials science and metallurgy, few topics
generate as much interest among engineers and manufacturers
as the analysis of an aluminum zinc alloy. This class of
materials, often referred to as aluminum-zinc (Al-Zn) alloys,
represents a fascinating intersection of strength, corrosion
resistance, and versatility. Whether you are a design engineer
selecting materials for a structural component, a researcher
investigating precipitation hardening, or a manufacturer seeking
cost-effective alternatives to traditional alloys, understanding the
behavior and characteristics of aluminum zinc alloys is essential.
This article provides a detailed and naturally flowing examination
of the composition, mechanical properties, analytical techniques,
and practical applications of these important engineering
materials.

Aluminum zinc alloys have carved out a significant niche in
industries ranging from aerospace to automotive and
construction. The primary reason for their popularity lies in the
remarkable improvements in strength and hardness that zinc
additions impart to the aluminum matrix. However, the
relationship between composition, processing, and performance
is complex. A thorough analysis of an aluminum zinc alloy
reveals nuanced interactions between alloying elements, heat
treatment regimes, and microstructural evolution that ultimately
dictate the material's suitability for a given application. By
exploring these factors, we can better appreciate why these
alloys are a cornerstone of modern engineering.

COMPOSITION AND ALLOYING ELEMENTS

The fundamental principle behind aluminum zinc alloys is the
addition of zinc to aluminum in varying concentrations. Typically,
zinc content ranges from around 5% to 30% by weight,
depending on the desired properties. However, commercial alloys
often contain additional elements such as magnesium, copper,
and small amounts of chromium or zirconium to refine the
microstructure and enhance specific characteristics. The
analysis of an aluminum zinc alloy must therefore consider
the full suite of alloying additions to understand the material's
behavior.

Role of Zinc

Zinc is the primary strengthening element in these alloys. When
dissolved in aluminum, zinc forms a solid solution that
significantly increases the strength of the matrix. At higher
concentrations, zinc participates in precipitation reactions that
further boost mechanical properties. During aging treatments,
fine precipitates of phases such as MgZn: (eta phase) form,
providing substantial precipitation hardening. This mechanism is
the reason why aluminum zinc alloys, particularly those in the
7xxx series, can achieve tensile strengths exceeding 700 MPa.

Role of Magnesium

Magnesium is almost always present alongside zinc in
commercial aluminum zinc alloys. The combination of zinc and
magnesium creates a powerful precipitation-hardening system.
Magnesium promotes the formation of coherent precipitates that
hinder dislocation movement, thereby raising yield strength. The
ratio of zinc to magnesium is carefully controlled, as it directly
influences the aging response and the final mechanical
properties. A typical analysis of an aluminum zinc alloy will
reveal a Zn:Mg ratio of approximately 2:1 to 3:1 for optimal
strength.

Role of Copper

Copper is another common addition, particularly in high-strength
aerospace alloys. Copper enhances the precipitation kinetics and
improves resistance to stress corrosion cracking. It also
contributes to solid solution strengthening and helps refine the
grain structure. However, copper can reduce weldability and
increase the alloy's susceptibility to hot cracking, so its
concentration is carefully balanced. In-depth analysis of an
aluminum zinc alloy containing copper often focuses on the
distribution of copper-rich phases at grain boundaries.

MECHANICAL PROPERTIES AND PERFORMANCE

One of the primary reasons for conducting an analysis of an
aluminum zinc alloy is to characterize its mechanical
performance. These alloys are renowned for their high strength-
to-weight ratio, making them ideal for weight-sensitive
applications. However, the mechanical properties are highly
dependent on the thermal-mechanical processing history.

e Tensile Strength: Depending on composition and temper,
tensile strengths can range from 300 MPa to over 700 MPa.
The 7075-T6 alloy, for example, has a typical ultimate
tensile strength of 570 MPa.

 Yield Strength: Yield strength often approaches 90% of
the ultimate tensile strength, indicating a relatively low
ductility and limited work-hardening capacity after aging.

* Elongation: Elongation values are typically between 5%
and 15% for most structural grades. Higher zinc content
tends to reduce ductility.

e Hardness: Brinell hardness values in the range of 150 to
190 HBW are common for age-hardened alloys.

These properties make aluminum zinc alloys a top choice for
applications requiring high structural loads, such as aircraft wing
spars, fuselage frames, and automotive chassis components.
However, the analysis of an aluminum zinc alloy must also
account for potential drawbacks, including reduced toughness
and increased susceptibility to environmental cracking under
sustained tensile stress.

MICROSTRUCTURAL ANALYSIS TECHNIQUES

Understanding the internal structure of an aluminum zinc alloy is
crucial for relating processing to properties. A comprehensive
analysis of an aluminum zinc alloy typically involves multiple
characterization techniques, each providing unique insights into
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the material's condition.

Optical Microscopy

Optical microscopy is the first step in any metallurgical analysis.
It allows for the examination of grain size, grain morphology, and
the distribution of intermetallic particles. In aluminum zinc alloys,
optical micrographs often reveal a recrystallized grain structure
with fine, equiaxed grains after hot working. Coarse constituent
particles, such as Al-CuzFe or Mg:Si, can also be identified at
lower magnifications.

Scanning Electron
Microscopy

Scanning electron microscopy (SEM) provides higher
magnification and greater depth of field than optical microscopy.
When coupled with energy-dispersive X-ray spectroscopy (EDS),
SEM becomes a powerful tool for elemental analysis. An SEM-EDS
analysis of an aluminum zinc alloy can identify the
composition of second-phase particles, quantify the distribution
of alloying elements, and detect segregation patterns that may
affect mechanical properties.

Transmission Electron
Microscopy

Transmission electron microscopy (TEM) is essential for studying
the nanoscale precipitates responsible for age hardening. In
aluminum zinc alloys, TEM reveals fine, coherent precipitates of
the eta phase (MgZnz2) that are only a few nanometers in
diameter. The size, shape, and distribution of these precipitates
directly correlate with the alloy's strength. A detailed TEM
analysis of an aluminum zinc alloy can determine the aging
condition and predict the remaining hardening potential.

X-Ray Diffraction

X-ray diffraction (XRD) is used to identify the phases present in
the alloy and to measure residual stresses. The diffraction pattern
from an aluminum zinc alloy shows peaks corresponding to the
aluminum matrix as well as weaker peaks from intermetallic
compounds. Quantitative phase analysis via XRD can determine
the volume fraction of precipitates, which is an important
parameter for strength modeling.

HEAT TREATMENT AND AGING BEHAVIOR

Heat treatment is arguably the most critical factor in determining
the final properties of an aluminum zinc alloy. The standard
sequence involves solution heat treatment, quenching, and
artificial aging. A thorough analysis of an aluminum zinc alloy
must consider each step of this process.

Solution Heat Treatment

The alloy is heated to a temperature between 460°C and 500°C,
where the zinc and magnesium are fully dissolved into the
aluminum solid solution. This step ensures a homogeneous
distribution of alloying elements. The holding time must be
sufficient to dissolve all soluble phases without causing incipient
melting or excessive grain growth.

Quenching

Rapid quenching after solution treatment traps the alloying
elements in a supersaturated solid solution. The cooling rate is
crucial; if it is too slow, coarse precipitates form during cooling,
reducing the hardening potential. If it is too fast, excessive
residual stresses and distortion can occur. Water quenching is
typical, but polymer quenchants are sometimes used for thicker
sections.

Aging

Aging allows the supersaturated solid solution to decompose,
forming fine precipitates that strengthen the alloy. Natural aging
occurs at room temperature, but it is slow and often incomplete.
Artificial aging at temperatures between 120°C and 160°C
accelerates the process. The peak hardness is achieved after an
aging time that depends on temperature; longer aging at lower
temperatures or shorter times at higher temperatures can
produce similar results. Overaging leads to precipitate coarsening
and a reduction in strength, although it can improve corrosion
resistance.

CORROSION RESISTANCE AND ENVIRONMENTAL
EFFECTS

While aluminum zinc alloys are prized for their mechanical
strength, their corrosion resistance is generally lower than that of
other aluminum alloys, such as the 5xxx or 6xxx series. An
important analysis of an aluminum zinc alloy includes
evaluating its susceptibility to various forms of corrosion.

e Stress Corrosion Cracking (SCC): This is a significant
concern for high-strength aluminum zinc alloys, especially
those containing copper. SCC occurs under the combined
action of tensile stress and a corrosive environment. The
susceptibility increases with aging to peak strength, and
overaging is often used to improve SCC resistance.

o Exfoliation Corrosion: This localized form of corrosion
occurs along grain boundaries, causing layers of metal to
peel away. It is most common in materials processed with
elongated grain structures.

e Pitting Corrosion: Pitting can occur in chloride-containing
environments, such as marine atmospheres. The pits form
at sites of intermetallic particles or inclusions.

Protective measures, including cladding with pure aluminum,
anodizing, and the application of organic coatings, are often
employed to mitigate corrosion. The development of new
tempers, such as the T73 temper, has also improved SCC
resistance while maintaining acceptable strength levels.

APPLICATIONS ACROSS INDUSTRIES

The unique combination of properties exhibited by aluminum zinc
alloys has led to widespread adoption in demanding industries.
The analysis of an aluminum zinc alloy for a specific
application must consider not only mechanical properties but also
fabricability, cost, and environmental resistance.

Aerospace

The aerospace sector is the largest consumer of high-strength
aluminum zinc alloys. Alloys such as 7075, 7050, and 7475 are
used extensively in airframe structures, including fuselage skins,
wing panels, and bulkheads. The high strength-to-weight ratio
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enables significant weight savings, which directly translates into
improved fuel efficiency and payload capacity.

Automotive

In the automotive industry, aluminum zinc alloys are increasingly
used for structural components such as suspension arms,
subframes, and crash-management systems. The trend toward
lightweighting for electric vehicles has accelerated the adoption
of these materials. However, the higher cost compared to steel
and the need for specialized joining techniques remain
challenges.

Construction and
Infrastructure

Extruded profiles of aluminum zinc alloys are used in
architectural applications, including window frames, curtain walls,
and structural glazing. The combination of strength and corrosion
resistance, when properly protected, makes these alloys suitable
for building components exposed to the elements.

Sporting Goods

High-end bicycles, golf clubs, and baseball bats often use

aluminum zinc alloys. The material's ability to be formed into
complex shapes while maintaining high strength allows for
innovative product designs.

COMPARISON WITH OTHER ALUMINUM ALLOYS

To fully appreciate the value of an analysis of an aluminum
zinc alloy, it is helpful to compare these materials with other
common aluminum alloy families.

1. Versus 2xxx Series (Al-Cu Alloys): Aluminum zinc alloys
generally offer higher strength but lower fracture
toughness and fatigue resistance compared to 2xxx alloys.
They are also more susceptible to SCC.

2. Versus 5xxx Series (Al-Mg Alloys): 5xxx alloys have
excellent corrosion resistance and weldability but
significantly lower strength. Aluminum zinc alloys are
preferred when strength is the primary requirement.

3. Versus 6xxx Series (Al-Mg-Si Alloys): 6xxx alloys offer
a good balance of strength, formability, and corrosion
resistance. Aluminum zinc alloys surpass them in strength
but are more difficult to weld and form.

4. Versus 7xxx Series Variants: Within the 7xxx family
itself, variations in composition and temper allow for
tailoring properties. For example, alloy 7050 offers
improved toughness and SCC resistance over 7075, while
7039 provides good weldability.



