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Abstract: Turbine blades of airplanes and thermoelectric plants work in adverse conditions, 

with corrosive environment and high temperature and pressure. One way to improve the life 

or the working temperature of the blades is by the use of special coatings over metallic 

material applied by Electron Beam – Physical Vapour Deposition (EB-PVD). The most usual 

material for this application is zirconia doped with yttria. Addition of niobia, as a new 

configuration in this system, can reduce the thermal conductivity and improve mechanical 

properties of the coating. The purpose of this work is to show the technique for production of 

such coatings and the results of the addition of niobia taking in to consideration X-ray 

diffraction and scanning electron microscopy observations. First result shows a columnar 

structure with only tetragonal phase in the ceramic coating in the chemical composition range 

studied. 
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Introduction 

Turbine blades of airplanes and thermoelectric plants work in adverse conditions, with 

corrosive environment and high temperature and pressure. One way to improve the life or the 

work temperature of the blades is by the use of special coatings over metallic material applied 

by Electron Beam – Physical Vapour Deposition (EB-PVD). The most usual material for this 

application is zirconia doped with yttria1-9. Addition of niobia, as a new configuration in this 
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system, can reduce the thermal conductivity and improve mechanical properties of the 

coating. The purpose of this work is to show the technique for production of such coatings 

and the results of the addition of niobia taking in to consideration X-ray diffraction and 

scanning electron microscopy observations. 

Literature Review 

It is well known that for ZrO2 to be utilised for technical applications the high-

temperature polymorphs cubic (c) and tetragonal (t) phases, should be stabilised at ambient 

temperature by the formation of solid solutions which prevent deleterious tetragonal-to-

monoclinic (m) phase transformation. The alloying oxides, which lead to the stabilisation, are 

alkaline-earth, rare-earth, and actinide oxides. It has been suggested that the factors which 

may influence the stabilisation are size, valency, and concentration of solute cations and 

crystal structure of the solute oxides, where the valency and concentration determine the 

number of oxygen vacancies created by the formation of substitucional solid solutions10. 

The addition of Ta2O5, Nb2O5, and HfO2 enhanced the transformability of Y2O3-

zirconias, which was indicated by an increase in phase transformation temperatures and 

fracture toughness. An alloying oxide which increases the c/a axial ratio (tetragonality) also 

increases the transformability11, 12. 

Because of their low thermal conductivity, zirconia-based ceramics are often used as 

thermal insulators over temperatures ranging from cryogenic to greater than 1200oC, e. g., for 

thermal barrier coating (TBC). At temperatures greater than room temperature, the low 

thermal conductivity of the zirconias is based primarily from the scattering of phonons by 

point defects. The effectiveness of a point defect in reducing the thermal conductivity of a 

lattice depends on the difference in mass and ionic radius between the defect and the host 

atom, and also the change in atomic bonding’s influence in the elastic constants13. 



When the dopants added to zirconia are subtetravalent oxides, e.g., yttria, calcia and 

magnesia, the most influential defects are the oxygen vacancies that are created for charge 

balance, while the cation substitutional defects in the zirconium lattice play a subsidiary role. 

When the dopants are tetravalent oxides, such as ceria, the substitucional cerium ions are the 

ones responsible for reducing the thermal conductivity of zirconia, although as much as 17 

mol% ceria is required to obtain the same conductivity reduction as 4 mol% yttria13, 14. 

When a trivalent oxide, e.g. Y2O3, is added to ZrO2 as stabiliser, certain amount of 

lattice defects, e.g. oxygen vacancies and negatively-charged solutes, are produced in the 

ZrO2 lattice. The thermal conductivity of partially stabilized-ZrO2 (PSZ) is determined by its 

defect structure and the defect associates between them. Pentavalent oxides are positively 

charged, opposite to the stabiliser, when dissolved in the ZrO2 lattice, the addition of these 

oxides in the PSZ will definitely affect the original defect structure, thus also its properties. 

Ta2O5 has been found to affect the phase stability and the electrical properties of ZrO2, and 

Nb2O5 has also been found to dramatically change the grain boundary electrical 

conductivity15. 

The effect of doping with pentavalent oxides such as tantala and niobia (cationic radii 

in the +5 oxidation state ~ 0.68Å for both) indicate that both ions reside as substitucional 

defects in the zirconium lattice (ionic radius of the Zr4+ ion is 0.79 Å), annihilating oxygen 

vacancies generated by yttria doping. Thus, the defect chemistry generated by the two dopants 

is also identical and would be expected to scatter phonons due to the difference in ionic radius 

and atomic bonding13. 

The phase diagram available for the Nb2O5- ZrO2 system16 at temperatures in excess 

of 1400oC indicate limited solubility of the pentavalent oxide in zirconia. However, co-doping 

with yttria has been observed to enhance their solubility in the tetragonal phase12, 13. 



It is expected that the single-phase tetragonal niobia co-doped yttria zirconias will 

have low thermal conductivity than conventional 6-8% yttria stabilised zirconia, the material 

conventionally used for thermal barrier coating with others advantages, e. g., phase stability at 

high temperatures, cyclic life, ageing behaviour which may prove superior to those of 

conventional zirconia.  

Experimental 

 The coated substrates were 50 x 10 x 0.2 mm plates of stainless steel SAE 304. Both 

bond coat and ceramic top coat were EB-PVD deposited by the 30 kW electron beam furnace 

of CTA-IAE using current of 0.05 – 0.2 A, voltage of 27 kV and substrate temperature of 

930oC, the distance substrate/target was 150mm. The bond coating was a 15 ~ 30 µm thick 

layer of Ni-31Cr-11Al-0.65Y alloy (wt. %). The chemical compositions of ceramic coating, 

with a thickness of 20 ~ 30 µm, were changed and the nominal composition of the target is 

given in Table I. 

 The phase structure of the coating has been analysed by X-ray diffraction using a 

diffractometer Philips PW 1380/80 and on a diffractometer X’Pert – MRD Philips with a PW 

3050 goniometer. The coatings composition was estimated by EDS analysis; their 

macrostructure and morphology was studied by a LEO 435 VPI scanning electron 

microscopy. 

Results and Discussion 

The results of EDS analysis performed on the ceramic coating are summarised on 

Table I. It is to be noted that the composition of the layers differs from the target, remarkable 

for the niobia concentration, probably due to the difference in melting point and vapour 

pressure between niobia, zirconia and yttria. 

Figure 1 shows the X-ray diffractograms in scanning mode (left) and the high angular 

resolution (0.01 for 2θ) spectra for (400) region (right) for all ceramic layers. The (400) 



region was selected because it is specific of the nonequilibrium tetragonal phase (i.e. 

forbidden by the cubic symmetry17). All samples show only tetragonal phase. The values of 

the cell parameters deduced from these diffraction patterns are reproduced in Table II. 

Figure 2 shows the influence of the weight percentage of niobia and the tetragonality 

of zirconia based ceramic, as this percentage increase the ratio c/a (tetragonality) increases. 

Figure 3 shows the typical microstructure of EB-PVD coatings, as seen by scanning 

electron microscopy on polished transverse section the ceramic layer and metallic bond 

coating, Figure 4 shows a fractured cross section where is evident de columnar structure. 

Conclusions 

This new ceramic system allows attaining coatings with microstructure similar of the 

conventional TBCs. As in conventional TBCs, only the nonequilibrium tetragonal phase was 

found in the ceramic coating for the chemical composition range studied and the tetragonality 

of the unit cell increases with the amount of niobia in the ceramic layer coating. 
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Tables 

 
TABLE I: Chemical composition of the Target and EB-PVD ceramic Coating 

Sample wt. % zirconia wt. % yttria wt. % niobia 

 Target Coating Target Coating Target Coating 

A1 92.0 92.7 8.0 7.3 - - 

A2 80.0 81.0 9.2 9.8 10.8 9.2 

A3 74.8 71.2 10.2 9.3 15.0 19.5 

A4 72.2 70.6 8.3 5.0 19.5 24.4 

 
 
 
 
Table II: Lattice parameters of tetragonal phase of the coatings 

cell parameters 
 

 
 

Sample 

 

{111} 

 

{400} a (Å) c (Å) a/c 

 
ρtheor* 
(g/cm3) 

A1 30.19o 74.27o 5.104 5.162 1.012 6.048 

A2 30.25o 74.45o 5.093 5.154 1.012 6.110 

A3 30.23o 74.45o 5.093 5.164 1.014 6.148 

A4 29.89o 74.51o 5.090 5.354 1.052 5.980 

*ρtheor – Theoretical density calculated by XRD data 
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Fig.1: X-ray diffractograms in scanning mode (left) and the high resolution spectra for (400) 
region (right) for all A1, A2, A3, and A4 ceramic coatings. 
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Fig. 2: Relation between weight percentage of niobia and tetragonality. 
 

 
Fig. 3: EB-PVD thermal barrier coating; polished cross section; scanning electron 
microscopy. (1) Ceramic layer; (2) Metallic bond layer; (3) Stainless steel substrate. 
 

 
Fig. 4: EB-PVD thermal barrier coating; fractured cross section of the ceramic layer; scanning 
electron microscopy. 
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