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Strengthening aerospace quality assurance 
with advanced microscopy techniques
Dr Jan Kretschmer, Thermo Fisher Scientifi c

How to assess and improve aerospace 
component quality and performance
Quality assurance is crucial in any industry, but nowhere more so than in aerospace 
manufacturing. Even the slightest defect in aircraft components could lead to 
catastrophic failures, making rigorous inspection and testing critical for safety and 
performance. Here, Dr Jan Kretschmer, Senior Sales Manager at Thermo Fisher 
Scientifi c, discusses how different microscopy techniques help quality assurance 
engineers to ensure the integrity of aerospace components. 

Aircraft must operate in demanding conditions, including vibrations, high altitudes, 
fl uctuating pressures and extreme temperatures. To ensure reliability, aerospace 
manufacturing is subject to strict regulations and industry standards, such as AS9100. 
A deep understanding of material properties — such as microstructure, strength 
and resistance to environmental stressors — is essential for developing aerospace 
components to comply with these standards.

This knowledge is not only important for compliance but also for optimising material 
performance. By studying how materials behave under stress, engineers can enhance 
durability, reduce weight and improve the overall effi ciency of components.

Advanced imaging techniques such as scanning electron microscopy (SEM) and energy 
dispersive spectroscopy (EDS) provide detailed insights into material composition and 
microstructure. These techniques help identify potential changes in material properties 
under extreme conditions and throughout various manufacturing processes, allowing 
for continuous improvement in aerospace materials and performance.

Preparing for extreme temperatures
High temperatures pose a signifi cant challenge in aerospace applications, particularly 
in aircraft engines, where materials must maintain their strength and stability under 
extreme heat. Nickel-based superalloys are widely used in these applications due to 
their exceptional mechanical properties at high temperatures, including resistance to 
oxidation, creep and thermal fatigue.

To ensure these alloys can endure temperatures exceeding 2,000°C, high-resolution 
SEM is used. SEM provides detailed visualisation of the material’s microstructure, 
allowing engineers to identify surface defects, grain boundaries and phase 
distributions. This is essential for understanding how the alloy behaves under high 
temperatures and stress. 

EDS is also commonly used alongside SEM to map out the distribution of elements 
within a material. In the case of nickel-based superalloys, EDS can detect and 
analyse elements like nickel, chromium and aluminium, which are key to the alloy’s 
performance. By analysing the composition and distribution of these elements, 
engineers can better understand how they affect an alloy’s resistance to oxidation, 
creep and thermal fatigue at high temperatures. This knowledge then enables more 
precise material optimisation.

Particle analysis is also critical for studying the particles within superalloys, such as 
carbides and oxides. These particles play a signifi cant role in the material’s properties, 
including its resistance to creep and corrosion. Automated particle analysis systems 
can categorise and quantify particles based on their size, shape and distribution. 
By understanding these characteristics, engineers can refi ne material treatments, 
improving the alloy’s overall durability and performance in extreme environments.

In addition to nickel-based alloys, thermal barrier coatings (TBCs) are often used to 
protect aerospace components from extreme heat. These coatings act as insulation, 
helping to safeguard components from thermal damage. Integrating SEM and EDS is 
invaluable for characterising TBCs, allowing engineers to observe how elements like 
magnesium and zirconium behave under repeated thermal cycling. This information is 
critical for optimising TBC formulations, ensuring they provide effective protection and 
extend the lifetime of components exposed to high temperatures.

Identifying material changes during 
manufacturing
Verifying that materials can perform as required in diffi cult operating conditions 
is essential. However, it is important to recognise that manufacturing processes 
themselves can also signifi cantly impact a material’s microstructure and mechanical 
properties. To prevent defects and ensure reliability, it is crucial to closely monitor how 
these processes infl uence material behaviour.

Aluminium alloys are widely used in aerospace due to their high strength-to-weight ratio 
and natural corrosion resistance, making them ideal for structural components such as 
wings, fuselages and engine casings. Aluminium-lithium (Al-Li) stiffened panels can be 
used to make these components more lightweight, but this often requires welding.

Friction stir welding (FSW) is typically used to join aluminium alloys such as Al-Li 
without having to melt them. Unlike traditional fusion welding, FSW operates at lower 
temperatures, reducing the risk of defects like hot cracking. However, this technique 
can alter the material’s microstructure, especially in the weld zone. The result is often a 
softer region with reduced yield strength due to changes in grain structure, dislocation 
density and phase composition.

Understanding the changes induced by welding requires a combination of imaging 
techniques. To examine the key elements and the composition of intermetallic particles 
in the base material, heat-affected zone (HAZ) and weld, SEM is used. However, looking 
at particle changes alone is not suffi cient to understand the reduction in strength 
observed in the weld. This is where electron backscatter diffraction (EBSD) mapping is 
helpful, revealing differences in grain size across the base, HAZ and weld. 
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While grain refi nement in the weld could enhance strength, the potential reduction in 
dislocation density could have an adverse impact. The net effect on strength depends 
on the balance between these mechanisms, which can vary based on the alloy and 
welding conditions. Further analysis using a plasma focused ion beam (PFIB) and 
transmission electron microscope (TEM) provides insights into the distribution of 
edge and screw dislocations, clarifying how grain refi nement and particle interactions 
contribute to overall material performance.

Combining these different techniques provides a more comprehensive understanding 
of the material’s microstructure and mechanical properties compared to relying on 
any single method. By integrating these technologies, quality engineers can better 
identify the root causes of material behaviour changes. As a result, this allows 
them  to optimise manufacturing processes and ultimately ensure the reliability and 
performance of aerospace components under varying conditions.

Recognising the impact of alloying
Alloying is benefi cial for enhancing material properties such as strength or corrosion 
resistance. However, it’s crucial for quality assurance engineers to examine the impact 
of incorporating alloying elements to materials.

For instance, adding elements such as copper, magnesium or manganese to the 
lightweight, corrosion-resistant aluminium alloy AA2024 can form different precipitates. 
The specifi c precipitates formed depend on the heat treatments applied, such as aging, 
hardening or annealing. For this reason, it is prudent to conduct a thorough analysis of 
raw materials at each stage of the manufacturing process.

An integrated system that combines multiple techniques such as SEM, EDS and EBSD 
offers signifi cant advantages here. Together, these methods provide detailed insights 
into the alloy’s composition and structure, crucial for quality control.

SEM and EDS offer high-resolution imaging to assess the composition, revealing the 
morphology and elemental distribution of intermetallic particles, while EBSD is used to 
map crystallographic phases, grain structure, orientation and morphology. Using these 
methods together provides a comprehensive picture of the precipitates and phases 
formed during aging treatments, which helps to improve heat treatments to attain 
specifi c material properties in aluminium alloys.

Advanced microscopy techniques are essential for assessing the integrity and reliability 
of aerospace components. By providing in-depth insights into the microstructure and 
composition of materials, tools like SEM, EDS and EBSD enable quality engineers to 
detect issues early and refi ne material properties. This ongoing cycle of inspection and 
optimisation drives continuous improvement, ensuring that aerospace components 
consistently meet rigorous industry standards for both safety and performance.
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Engineer using Thermo Fisher Scientifi c microscopy technology

2025 RMS Scientifi c Imaging Competition: Submit your entries now
The highly anticipated 2025 RMS Scientifi c Imaging Competition is now accepting submissions from microscopists around the world. This biennial 
competition invites participants to showcase the incredible beauty and precision of the microscopic world through images and videos. With catego-
ries spanning all microscopy disciplines, it’s an excellent opportunity for scientists to combine their technical skills with artistic vision.

This year’s competition will be held as part of mmc2025, incorporating EMAG 2025. Shortlisted entries will be exhibited during the conference, 

where the winners will be revealed. The competition features seven categories, including a dedicated short video section.

More information online: ilmt.co/PL/jmbJ
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Copper nanotech coating could make implants infection-proof
Researchers at Nottingham Trent University have developed an antimicrobial coating using copper oxide nanoparticles, offering a potential 
breakthrough in infection prevention for implanted medical devices. By integrating these nanoparticles into materials like silicone, stainless 
steel, and titanium, the team aims to reduce post-surgical infections and combat antibiotic resistance.

The study [1] demonstrated that both dip and spray coating methods effectively inhibited clinically signifi cant bacteria, including drug-resistant 
strains, while remaining non-toxic to human cells. Given the growing concerns over antibiotic resistance, the researchers believe this technology 
could play a crucial role in safeguarding patients from implant-related infections.

Copper has long been recognised for its antimicrobial properties and is now being explored as an alternative to silver, which is prone to oxida-
tion, reducing its effectiveness over time. With millions of medical implants placed globally each year - from cardiovascular stents to orthopae-
dic devices - the need for infection-resistant materials has never been more urgent.

Dr Samantha McLean, Associate Professor of Infection Prevention and Control at Nottingham Trent University, explained the importance of 
alternatives to antibiotics: “The widespread use of antibiotics has led to a crisis in resistance. Developing antimicrobial coatings for medical 
devices could signifi cantly reduce infection rates and improve patient outcomes,” she said.

D. Gareth Cave, Head of the Nanoscience and Drug Delivery Group, highlighted the versatility of the new coating. “Our method can be applied during manufacturing or as a post-production enhance-
ment, making it a fl exible solution for medical devices,” he explained.

Dr Jim Hall, a Research Radiographer in Magnetic Resonance Imaging at Nottingham Trent University, added: “By integrating physics, chemistry, and biology, we can develop innovative strategies to 
address this pressing challenge.”

More information online: ilmt.co/PL/GMQV

1. Published in the journal Nanomaterials 64125pr@reply-direct.com
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