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1 Introduction and motivation 

Nevertheless, a developing

interest has been shown for carbon-free fuel sources as ammonia and liquid hydrogen, which 

are potential alternatives to produce energy with a cleaner emission profile. However, the low 

heat of combustion and flammability of ammonia and the economically efficient storage and 

transport of liquid hydrogen still remain unsolved challenges for their sustainable utilization 

[5]. 

Besides the compactness, gas turbines can operate with versatile fuel sources and produce 

energy with high efficiency found increasing service in the past 60 

years in the power industry both among utilities and industrial plants as well as for aviation 

throughout the world [6]. 



6                                                                                                      1 Introduction and motivation 
 



1 Introduction and motivation   7 
 

 
 

(Eq. 1.1.1) 

       (Eq. 1.1.2) 



8                                                                                                      1 Introduction and motivation 
 



1 Introduction and motivation   9 
 

 
 

non-oxide silicon-based ceramic substrate (i.e. Si3N4, SiC or SiC/SiC). 

 

changes in the operating conditions of gas turbines such as starting or an emergency shut-down 

can cause harsh thermal shocks of more than 800 K within one second, leading to the evolution 

of additional thermal stresses [56], which must be endured by the coating system during the life 

expectancy of the components in gas turbines (t > 10,000 h). During the evaluation of the 

performance of the coating system in turbine-like environments, it should remain well-adhered 

and reduce hot gas corrosion regarding uncoated substrates.

Since gas turbines are expected to operate for considerable amount of times and rare-earth 

silicate-based environmental barrier coatings are slowly corroded in hot gas environments, the 

deposition of thick coatings (> 100 μm) is desired to extend the life span of coated ceramic 

parts. 

Thus, alternatives should be 

sought to increase the achievable thickness of the PDC-based Yb2Si2O7 coating. At last, coating 

experiments should be carried out with other non-oxide silicon-based ceramics, followed by the 

characterization of the resulting microstructure and composition to evaluate the transferability 

of the developed coating technology.  
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2 State of the art 

The gas turbine has found increasing service in the past 60 years in the power industry 

both among utilities and industrial plants as well as for aviation throughout the world. Its 

compactness, low weight, and multiple fuel application make it an attractive candidate for 

energy production. To the day, different commercially available gas turbines run on natural gas, 

diesel fuel, methane and vaporized fuel oils. Depending on the availability, natural gas is often 

the fuel of choice because of its clean burning and competitive price. Its low carbon-to-

hydrogen ratio means that it emits substantially less CO2 than other fossil fuels, which can 

reduce emissions in up to 50% compared to coal powered energy plants and does not require a 

post-combustion waste treatment . Nevertheless, cleaner energy sources as liquid 

hydrogen and ammonia have gained increasing interest and are expected to be extensively used 

as fuel alternatives in the near future [5]. 

Due to their high flexibility, gas turbines are available in different sizes and power outputs 

ranging from 20 kW to 600 MW, which are among the most efficient types of heat engines. In 

simple cycle configuration, gross efficiencies ranging from 30 to 46% are usually achieved. 

However, by using the heat from the gas turbine exhaust to produce steam in a heat-recovery 

steam generator in combined cycle operation, the production of additional electrical power can 

lead to overall efficiencies that exceed 60% The two factors, which most affect turbine 

efficiencies, are pressure ratios and temperature. The increase in the pressure ratio increases the 

overall efficiency at a given temperature. However, beyond a certain point at any given firing 

temperature, this may result in lowering the cycle efficiency. In contrast, for every 56 °C 

increase in the firing temperature, the work output increases approximately 8-13%, which 

results in a simple cycle efficiency increase of 2-4% .  

Due to the combination of both protection mechanisms, 

gas turbines can operate with firing temperatures up to 1427 °C, achieving an overall efficiency 

of 66% in combined cycle operation . However, during starting up an operation or an 

emergency shut-down, the components in gas turbines may be subjected to a temperature 

gradient of above 800 K within one second, which leads to a tensile stress of several hundreds 
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of MPa and may cause the rapid spallation of the TBC due to the great 

These conditions can achieve an extreme 

point at the first stage of the gas turbine, where the gas flow velocity (265 m s-1) and pressure 

(1.6 MPa) are high enough so that the heat transfer coefficient approaches that of a water quench 

[56,57].

The combustor, vanes and turbine blades constitute the most critical components in the 

hot section of existing high performance long-life gas turbines. The combustor and vanes 

operate at relatively high temperature and low stress conditions, whereas extreme conditions of 

stress and temperature can be expected to be faced by the turbine blades. In this case, the air 

flow velocity in combustors are generally limited to 42 m s-1 and the conditions of stress achieve 

about 35 MPa. In contrast, turbine blades are  subjected to speed flows of over 100 m s-1 and 

stress conditions that can easily exceed 300 MPa [6,15,58]. Madhu [59] estimated the maximum 

stress of a gas turbine blade integrated disk of a jet engine achieved for different nickel-based 

superalloys (NI-90, MAR-M-247 and IN 718). Table 2.1.1 depicts a summary of the obtained 

results. 

Table 2.1.1. Simulation of the maximum stress achieved for different Ni-based superalloys in 
jet engines, adapted from [59]. 

 

Besides these extreme conditions, thermal fatigue, oxidation, and corrosion also decrease 

the service life of the components in gas turbines. Especially the extreme conditions of stress, 

temperature and corrosion make the design of suitable materials for turbine blades a challenge. 

Materials characteristics in a turbine blade for high performance in the long-term include 

limited creep, high rupture strength, resistance to corrosion, good fatigue strength, low 

coefficient of thermal expansion and high thermal conductivity to reduce thermal strains 

[6,15,58]. Thus, 
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The substitution of Ni-based superalloys by ceramic components in gas turbines accounts 

for higher efficiencies and lower emissions, besides the reduction in the turbine overall weight 

and size as detailed in Section 2.1. For the long-term service at temperatures of 1200 °C and 

above, only non-oxide silicon-based ceramics like silicon nitride (Si3N4), silicon carbide (SiC) 

and fiber reinforced silicon carbide matrix composites (SiC/SiC) are suitable . In 

comparison with SiC, Si3N4 stands out due to the higher fracture toughness caused by the 

formation of needle-like β-Si3N4 crystals from α-Si3N4 during sintering, capable of deflecting 

cracks. However, due to the brittle behavior of monolithic ceramics, their application is rather 

meaningful as structural components for stationary gas turbines. In non-stationary turbines as 

aircraft engines, additional problems may occur such as the foreign object damage (FOD) or 

strong vibration, which require an even higher fracture toughness and damage tolerance. For 

this purpose, only non-oxide ceramic matrix composites (CMCs) as SiC/SiC are suitable [60–

62]. In this section, a summary of the processing routes and resulting properties of the different 

Si3N4 and SiC ceramics and SiC/SiC composite will be given. 
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Table 2.2.1

Table 2.2.1. Common properties of Si3N4 materials according to the processing route [61]. 
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Table 2.2.2

Table 2.2.2. Common properties of SiC materials according to the processing route [61]. 


