
Exp. Theo. NANOTECHNOLOGY 10 (2026) 907-924                       https://doi.org/10.56053/10.S.907 

 

Received 13/2/2026, Received in revised form 23/4/2026, Accepted 27/4/2026, Published 15/5/2026

https://doi.org/10.56053/10.S.907
mailto:Hussein.A.Aldaffaie@uotechnology.edu.iq


Exp. Theo. NANOTECHNOLOGY 10 (2026) 907-924                       

 

 

Gas turbine engines are widely used as prime movers in aero engines and in land-, marine-, and 

aerospace-based power generation systems employing axial and centrifugal configurations [1,2]. 

Increasing demands for higher performance, improved efficiency, and reduced emissions have driven 

the development of turbines capable of operating at elevated temperatures and pressures while 

lowering specific fuel consumption [3,4]. However, the resulting rise in turbine inlet temperature has 

been identified as a major contributor to blade failure [5]. Although advances in materials such as 

semiconductor systems demonstrate potential for high-temperature operation, gas turbine blades 

remain among the most critically challenged components [6]. Performance modeling indicates that 

further efficiency gains are limited unless new materials are introduced for hot-section components [7]. 

Since no suitable replacement alloys are currently available, altering the bulk material is impractical 

[8]. Consequently, surface modification of existing turbine blade alloys offers a cost-effective and 

technologically viable solution to withstand higher gas temperatures [9]. Continued alloy development 

has enabled modern superalloys to operate at significantly higher temperatures, improving durability, 

operational robustness, and safety without compromising reliability [10]. Recent advances in 

nanotechnology have opened new pathways for enhancing the performance of turbine blade materials 

under extreme conditions. Nanostructured coatings and nanoscale surface engineering techniques 

enable improved control over grain size, defect distribution, and residual stress, which are critical 

factors influencing fatigue crack propagation. In addition, nanotechnology facilitates the development 

of multifunctional coatings capable of combining thermal protection, oxidation resistance, and 

mechanical strengthening within a single system. These innovations contribute to extending turbine 

blade service life and improving overall engine efficiency. 

 

 
 

Turbine blades, also known as rotor blades, are critical components that extract energy from a working 

fluid and convert it into mechanical power. They are employed in nearly all simple-cycle turbines and 

in certain combined-cycle configurations [11]. Owing to the extreme thermal and mechanical 

conditions in the hot gas path, turbine blades are typically manufactured from high-temperature 

superalloys in single-crystal or polycrystalline forms [12]. To ensure durability, advanced thermal 

management strategies are employed, including film cooling, thermal barrier coatings, and surface 

treatments such as shot peening and thermally sprayed bond coats to control oxidation [13]. Turbine 

stages may adopt single- or double-flow designs and can be configured in horizontal or vertical 

arrangements [14]. The wear and degradation mechanisms of turbine blades have therefore been 

extensively studied for several decades (Figure 1) [15]. 
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Figure 1 Axial flow turbine stage. 
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superalloy turbine blades directional solidification.

 

 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/heat-resistant-alloys
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/turbine-blades
https://www.sciencedirect.com/topics/engineering/directional-solidification
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