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Prediction of TBC’s Effective Thermal Conductivity Based on DFT-Derived Material Data  
and Experimentally Determined Microstructural Parameters

This article presents research on predicting the effective thermal conductivity of single-phase thermal barrier coating insulating 
layers, based on DFT thermal conductivity simulations, experimentally determined microstructural (porosity) data, and knowledge 
of interface thermal resistance. Based on the analyses, the best agreement between predictions and actual results was observed for 
relationships that accounted for splat geometry and interfacial resistance. The results demonstrated a certain convergence in values 
and trends in temperature change over the range 25 to 1100°C. The research indicates that simulations based on DFT results and 
assumed splat porosity and geometry can be a useful method for designing the technological process for manufacturing TBC coat-
ings by plasma spraying.
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1. Introduction

Thermal barrier coating (TBC) systems are an advanced 
solution in terms of both materials and technology. The main 
application area for TBCs is components exposed to high tem-
peratures, where thermal protection of the substrate is required 
to maintain its high-strength properties. Such conditions typi-
cally occur in the hot sections of both aircraft and stationary gas 
turbines; therefore, this application area is a primary driver of 
development and innovation in materials and technologies for 
thermal barrier coatings [1-3].

The main element of the TBC system responsible for the 
thermal insulation effect is the outer ceramic sublayer, along with 
various aspects of its internal structure (i.e., thickness, pore and 
crack architecture, size, and splats geometry). Controlling its 
thermal conductivity is one of the most intensively developed is-
sues in thermal barrier coating engineering. This can be achieved 
by developing new ceramic materials with a highly defective 
structure, a high tendency to phonon scattering, and resistance to 
radiative heat transfer. The second source of insulating properties 
is the appropriate microstructure of the ceramic layer, related to 
porosity and the presence of cracks, especially those oriented 
perpendicular to the direction of heat transfer [4-6]. 

A separate issue is predicting thermal conductivity in TBC 
systems, which is not a simple matter. This stems from the 

extraordinarily complex microstructure of the insulating layer, 
which depends on the deposition technology used (with APS and 
EB-PVD (atmospheric plasma spraying, electro-beam physical 
vapour deposition) being the dominant methods), making it very 
difficult to establish a correlation with thermal conductivity and 
not guaranteed. This stems from the fact that thermal conduc-
tivity, which accounts for various heat transport mechanisms, 
is influenced by factors at multiple scales – from macrostructure 
through microstructure to the lattice structure within the unit cell. 
To make this issue even more complex, it is also necessary to 
consider the thermal resistance of grain boundaries, which, for 
example, in APS-sprayed coatings, is expressed as the thermal 
interface resistance. Each of the above-mentioned elements 
strongly influences the mechanisms of heat transport and the 
mechanisms that generate thermal resistance, meaning that even 
slight changes at diverse levels of the structure can significantly 
affect the insulating properties [7-12]. 

Another significant limitation in predicting thermal ef-
fects in TBC systems is the lack of material data, such as for 
the ceramics used in the systems in question. This undoubtedly 
affects the accuracy and reliability of predictions obtained using 
various methods.

The literature provides a wealth of information on various 
methods for predicting the insulating properties of TBC systems 
(and, in fact, heterogeneous structures). The most widely used 
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is analytical modelling based on the Effective Medium Theory 
(EMT) [13-15], which assumes macroscale homogeneity while 
simultaneously assuming a heterogeneous microstructural char-
acter. EMT is a set of mathematical models within the mean-field 
theory group, used to describe the transport properties (electri-
cal or thermal conductivity) of heterogeneous systems such as 
composites. Individual models consider the microstructural 
characteristics of materials, such as the volume/mass fractions of 
individual phases (including voids) and their spatial configura-
tion, as well as thermal phenomena occurring between individual 
components of the composite (so-called interfacial resistance). 
Historically, the first models with practical applications were 
the Ohm model (series and parallel), Maxwell, Klemens, and 
Rayleigh models, originally used to predict electrical conducti
vity [16]. In these models, estimating the effective conductivity 
requires only knowledge of the volume fraction of the phase (e.g., 
pores) and the electrical or thermal conductivities of the matrix 
and the second phase. However, these models are effective only 
when the second phase (pores) is relatively small; an additional 
requirement is that it be spherical. Pore morphology other than 
spherical and higher volume fractions are considered in the 
Maxwell-Eucken, Maxwell-Garnet, and Lewis-Nielsen models 
[16-18]. This is an extremely important issue because, in TBC 
systems, the microstructural heterogeneity of the ceramic (insu-
lating) layer is created by the ceramic-void system, i.e., spherical 
and horizontal pores (cracks), respectively. The presence of hori-
zontal pores was accounted for in the Kachanov equation [19], 
which considered disc-shaped pores oriented perpendicular to 
the heat-flow direction and characterised by parameters such as 
pore length and thickness. Jadhav’s combination of Maxwell’s 
dependencies (for spherical pores) and Kachanov’s dependen-
cies (for horizontal pores) by introducing the functions describ-
ing them into the Scardi iterative model (considering various 
morphological forms of pores) allowed for the formulation of 
dependencies considering both morphological types of pores, 
typical for TBC systems [19-22].

These models, like the previously described basic models, 
do not account for phenomena at interface boundaries, which is 
a significant weakness [23]. Among these phenomena, interface 
thermal resistance (ITR) is dominant in predicting effective con-
ductivity. It results from local discontinuities between individual 
phase components. The presence of thermal resistance generates 
a temperature jump at the interface between individual phase 
components due to a disturbance in the heat flux. Interface ther-
mal resistance has two dominant components. The first is thermal 
contact resistance (TCR), which arises from relatively weak 
physical and chemical bonds between atoms in the crystal lattices 
of adjacent phases. Another possible source is the presence of 
voids or other microstructural defects in the interfacial region. 
The second component of interface resistance is the so-called 
Kapitza thermal boundary resistance (TBR). This resistance, in 
turn, results from differences in the physical and chemical proper-
ties of the individual phase components in the system [23-27].

Mathematical models that account for the thermal resist-
ance of the interfacial boundary in determining the effective 

thermal conductivity of two-phase systems can be found in the 
literature [28]. These include the Hasselman-Johanson model 
[29,30], Benveniste and Miloh [31-34], Bruggeman [35,36], and 
its extension, the Every and Tzou model [37,38]. The Tavangar, 
Molin, and Weber model is also very interesting, as it extends 
the applicability of the Hasselman-Jonson model and is based 
on the Differential Effective Medium (DEM) method [39-41].

Due to the systematic nature of the presented review, it is 
also necessary to mention the prediction of effective thermal 
conductivity using the percolation model, which explains the 
rapid increase in effective thermal conductivity by creating 
direct heat transport “paths” through connecting areas in the 
composite system, with relatively higher thermal conductivity 
than the matrix (creating heat ducts) [42].

The above models refer to the steady-state heat transfer. 
In unsteady conditions, it is the thermal diffusivity, not the 
thermal conductivity, of the system that is important. Under 
such conditions, dynamic models that allow the determination 
of effective heat transfer properties under unsteady heat transfer 
are used to determine these values. Such models include the 
Monde and Mitsutake models, which use solutions based on 
inverse methods for unsteady heat transfer (Inverse Problem of 
One-Conditional Unsteady Heat Conduction) [43], the Salazar 
model [44,45], the Fang model [46], and its extension, the Fang-
Hu-Wang model [47].

A completely different approach to predicting the thermal 
properties of TBC systems is provided by methods based on 
artificial intelligence, i.e. neural networks [48-50] and machine 
learning [51-53], which, however, is not the subject of this 
publication.

2. Motivation

The purpose of this article is to present analyses of the 
potential for predicting the effective thermal conductivity of 
single-phase and single-layer TBC systems based on quanti-
tative and qualitative assessments of spherical porosity and 
horizontal cracks. Using DFT (Density Functional Theory) 
simulation results, the theoretical thermal conductivity of the 
ceramic phases from which the TBC systems were constructed 
was determined. Using the results of spherical and horizontal 
porosity measurements, DFT simulations, and LFA measure-
ments of thermal diffusivity of ceramic sinters, as well as the 
Maxwell, Maxwell-Garnet, Maxwell-Taylor, Maxwell-Eucken, 
Klemens, Lewis-Nielsen, Reyleigh, Bruggeman equations, the 
EMT model, and the Scardi-Jadhav model, the predicted effec-
tive thermal conductivity of TBC systems with assumed porosity 
was determined. These values were compared with experimental 
results obtained from measurements of actual TBC systems. The 
conductivity of these systems was calculated from experimental 
measurements of the thermal diffusivity of two-layer systems, 
and the thermal diffusivity was determined using the two-layer 
model available in Netzsch’s Proteus software [54]. In the sec-
ond stage of the study, the thermal resistance of the intergrain 
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(inter-splat / splat-to-spalt) interface was also accounted for in the 
analyses. In this case, the multilayer model for ceramic coatings 
presented in Ravichandran [55] and the relationship that accounts 
for the interfacial thermal resistance (ITR) of grain boundaries 
presented in Smith et al. [56] were used.

A new element of the presented research is the determina-
tion of the effective thermal conductivity of TBC systems using 
both DFT-simulated material parameters and experimental stud-
ies of porosity, spall geometry, and thermal resistance at intersplat 
interfaces. Until now, DFT simulation results for TBC systems 
have been used to determine the parameters of ceramic materials 
used to fabricate the insulating layer (elastic constants, thermal 
conductivity as a function of temperature, and minimum thermal 
conductivity – a criterion value for material selection for TBCs). 
However, there is no literature data that allows for combining 
DFT simulation results with actual TBC systems with specific 
microstructural characteristics (porosity, thermal resistance), 
which is the main topic of this publication.

3. Experimental procedure

Using the DFT framework, calculations were performed 
with the Cambridge Serial Total Energy Simulation Package 
(CASTEP) code. The ion-electron interactions were modelled 
using Optimised Norm-Conserving Vanderbilt pseudopotentials. 
Geometry optimisation and relaxation techniques were employed 
to determine the equilibrium lattice parameters and unit cell vol-

ume. The optimised crystal structures were subsequently utilised 
to examine the properties of the pyrochlore compounds studied. 
The GGA-PBE functional was used for the electronic structure 
calculations, with an 830 eV energy cutoff and a 6×6×6 k-point 
sampling, to obtain results comparable to experimental data. 
The optimisation convergence criteria were set to 0.01 eV/Å for 
interatomic forces, 5×10–6 eV for total energy, 2×10–2 GPa for 
stress, and 5×10–4 Å for maximum ionic displacement [57,58].

The studies were conducted on five TBC systems: a con-
ventional system based on the compound 8YSZ (8Y2O3×ZrO2 
– wt.%) and systems based on new ceramic materials for TBCs, 
i.e., La2Zr2O7, Nd2Zr2O7, Sm2Zr2O7, and Gd2Zr2O7. The coatings 
were produced by air plasma spraying (APS). The substrate mate-
rial was an IN-625 nickel superalloy with a NiCrAlY interlayer. 
The interlayer was also produced by the APS method and was 
characterized by a thickness of 125 μm. The thickness of the 
ceramic layer, depending on the coating type, ranged from 200 
to 300 μm. A detailed description of the microstructure of the 
analyzed TBC systems, with particular emphasis on the ceramic 
layer and its morphology, was presented in previous publications 
[59-64]. The results of porosity tests obtained using ImageJ FiJi 
software [65] are presented in TABLE 1. The measurement was 
performed on 25 SEM images. The results of DFT simulations 
determining the values of theoretical thermal conductivity (used 
in subsequent calculations), density, and heat capacity are pre-
sented in TABLE 2 (a detailed methodological description, as 
well as the results of these analyses, are the subject of a separate 
publication [66]). TABLE 3 presents the results of experimental 

Table 1
Results of quantitative and qualitative analysis of porosity

TBC system Stereological 
parameter

Overall
porosity

Spherical
porosity

Horizontal
porosity

Vertical
porosity

8Y2O3×ZrO2 φ [%] 9,74 ± 0,23 2,54 ± 0,07 7,17 ± 0,17 0,03 ± 0,001
La2Zr2O7 φ [%] 3,65 ± 0,09 2,53 ± 0,07 1,10 ± 0,03 0,03 ± 0,001
Nd2Zr2O7 φ [%] 4,40 ± 0,11 2,07 ± 0,06 2,31 ± 0,04 0,02 ± 0,001
Sm2Zr2O7 φ [%] 2,83 ± 0,07 1,81 ± 0,05 1,00 ± 0,02 0,01 ± 0,001
Gd2Zr2O7 φ [%] 4,50 ± 0,12 1,52 ± 0,05 2,93 ± 0,05 0,05 ± 0,001

Table 2
Results of DFT simulations of thermal conductivity

Temperature °C 8Y2O3×ZrO2 La2Zr2O7 Nd2Zr2O7 Sm2Zr2O7 Gd2Zr2O7

Theoretical thermal conductivity – Slack equation W/mK
25 7,111 3,667 3,017 3,998 3,348
100 5,324 2,746 2,259 2,994 2,507
200 4,255 2,194 1,805 2,393 2,004
300 3,544 1,827 1,504 1,993 1,669
400 3,036 1,566 1,288 1,707 1,429
500 2,656 1,369 1,127 1,493 1,250
600 2,360 1,217 1,001 1,327 1,111
700 2,123 1,095 0,901 1,194 1,000
800 1,930 0,995 0,819 1,085 0,909
900 1,769 0,912 0,751 0,995 0,833
1000 1,633 0,842 0,693 0,918 0,769
1100 1,516 0,782 0,643 0,852 0,714
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measurement of thermal diffusivity of sinters using the LFA 
method. In this case, the measurement accuracy was 3%. The 
values of heat capacity and theoretical density, also obtained 
based on DFT simulations, are presented in TABLE 4. TABLE 5 
presents a summary of the mathematical relationships used in 
the prediction of effective thermal conductivity and the type of 
output data – thermal conductivity determined based on DFT 
simulations and the LFA method.

The results of effective thermal conductivity calculations 
based on these relationships were compared with the thermal 
conductivity of TBC systems fabricated for this study, which 

were determined based on experimental measurements of ther-
mal diffusivity over a temperature range of 25-1100°C (using 
a Netzsch LFA 427 analyzer) and heat capacity and density 
determined by DFT.

Thermal conductivity was calculated as the product of these 
three parameters. As an alternative to DFT simulations, thermal 
diffusivity and thermal conductivity were also determined for 
8YSZ, La2Zr2O7, Nd2Zr2O7, Sm2Zr2O7, and Gd2Zr2O7 sinters, 
which were used in the calculations of effective thermal con-
ductivity for the Scardi-Jadhav relationships, the layered model, 
and the ITR models.

Table 3

Results of thermal diffusivity of sinters measurement by the LFA method

Temperature °C 8Y2O3×ZrO2 La2Zr2O7 Nd2Zr2O7 Sm2Zr2O7 Gd2Zr2O7

Experimental thermal diffusivity mm2/s
25 2,74 ± 0,08 1,78 ± 0,05 1,70 ± 0,06 1,51 ± 0,05 1,30 ± 0,03 
100 2,39 ± 0,07 1,45 ± 0,04 1,44 ± 0,05 1,32 ± 0,04 1,14 ± 0,02
200 2,15 ± 0,06 1,31 ± 0,04 1,26 ± 0,03 1,15 ± 0,03 1,04 ± 0,01
300 1,93 ± 0,04 1,23 ± 0,03 1,14 ± 0,02 1,04 ± 0,02 0,97 ± 0,01
400 1,73 ± 0,04 1,15 ± 0,03 1,06 ± 0,02 1,02 ± 0,02 0,91 ± 0,01
500 1,51 ± 0,03 1,09 ± 0,02 1,01 ± 0,01 0,97 ± 0,01 0,87 ± 0,01
600 1,38 ± 0,03 1,05 ± 0,02 0,96 ± 0,01 0,92 ± 0,01 0,83 ± 0,01
700 1,31 ± 0,03 1,00 ± 0,01 0,95 ± 0,01 0,90 ± 0,01 0,82 ± 0,01
800 1,26 ± 0,03 0,95 ± 0,01 0,90 ± 0,01 0,90 ± 0,01 0,81 ± 0,01
900 1,28 ± 0,03 0,93 ± 0,01 0,89 ± 0,01 0,88 ± 0,01 0,80 ± 0,01
1000 1,31 ± 0,04 0,96 ± 0,01 0,90 ± 0,01 0,92 ± 0,01 0,82 ± 0,01
1100 1,43 ± 0,04 1,00 ± 0,01 0,91 ± 0,01 0,91 ± 0,01 0,85 ± 0,01

Table 4

Results of DFT simulations of thermal conductivity

Temperature °C 8Y2O3×ZrO2 La2Zr2O7 Nd2Zr2O7 Sm2Zr2O7 Gd2Zr2O7

Specific heat J/gK 0.428 0.405 0.402 0.401 0.375
Density kg/m3 6150 5995 6272 6510 6760

Table 5

The functional relationship used in the presented analysis to calculate effective thermal conductivity

Relationship name Equation λsolid value source
1 2 3

Ohm parallel  1eff sph por sph solid        λsolid – LFA

Maxwell
3
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eff solid
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4. Results

The calculated thermal conductivity results of the tested 
thermal barrier coatings, obtained as the product of experimen-
tally measured thermal diffusivity, heat capacity, and density 

determined by DFT simulation (TABLE 4), are presented in 
Fig. 1. These data indicate that the best insulating properties 
were exhibited by TBC systems based on new ceramic materi-
als with pyrochlore-type networks, i.e., lanthanum, neodymium, 
samarium, and gadolinium zirconates. This observation applies 

1 2 3
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2  2  
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where:	 λsolid – thermal conductivity of solid matrix, λpor – thermal conductivity of pores, λeff – effective thermal conductivity, ϕsph – spherical porosity, 
ϕhor – horizontal porosity, n – number of splats/grains, L – thickness of ceramic layer, Rint – thermal resistance of interface (1/hc).

Table 5. Continued

Fig. 1. Computational result of thermal conductivity of the tested TBC systems based on direct measurements of thermal diffusivity
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8YSZ

La2Zr2O7

to the entire temperature range of the measurement. The nature 
of the thermal conductivity changes in the tested materials is 
typical for ceramic phases, where the thermal resistance effect 
results from various phonon scattering mechanisms (e.g., the 
Um-klapp process). This is evidenced, for example, by the in-
verse-proportional decrease in thermal conductivity (λ ~ f (1/T )) 
as temperature increases. This decrease is observed up to ap-
proximately 700°C, above which the radiative heat transport 
mechanism also plays a significant role.

These values served as a reference point for calculations 
regarding the prediction of thermal conductivity of TBC systems 

based on knowledge of thermal diffusivity or thermal conductiv-
ity of solid materials, e.g., thermal diffusivity of sinters made 
of materials analogous to TBC systems or thermal conductiv-
ity values determined using DFT simulations. These data are 
presented in TABLES 2 and 3. The results of spherical and 
horizontal porosity tests, presented in TABLE 1, were also used 
for the calculations. A summary of the relationships that enable 
the computational determination of the effective thermal con-
ductivity of the tested ceramic layers is presented in TABLE 5, 
and the calculation results obtained from these relationships are 
shown in Fig. 2.

(a)

(b)
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Nd2Zr2O7

Sm2Zr2O7

The data presented in Fig. 2 show that the results of the 
predictions of effective thermal conductivity obtained on the 
basis of DFT simulation data and experimental measurements 
of microstructural parameters (porosity and slat geometry with 
a measurement uncertainty of about 2 to 3%) are close to the 
results of experimental measurements for real TBC systems, 
determined on the basis of thermal diffusivity measurements 
(with a measurement uncertainty of about 3.5%). This is par-
ticularly true for the layered model, modified to a single-layer 
system, in which the individual layers correspond to the weave 

thicknesses obtained during APS spraying of the ceramic layer. 
An equally precise match was obtained for the ITR model used 
for sintered materials.

It should be noted that the interface thermal conductivity 
of 7.76×105 W/m2K was used in the calculations, a value de-
termined in [11]. The thermal resistance value used in the cal-
culations is the average over the temperature range 25-1100°C, 
determined from laser flash measurements for systems based 
on La, Nd, Sm, and Gd zirconates. The differences in thermal 
resistance values between the individual types of materials were 

(c)

(d)
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small, and the error value expressed as standard deviation did not 
exceed 4.5%. In some cases, the Scardi-Jadhav model was also 
effective, with DFT simulation results entered as thermal con-
ductivity values. This is especially true for the La2Zr2O7-based 
TBC system. The relatively best fit of all models using the values 
obtained in DFT simulations was noted for the Gd2Zr2O7 coating, 
and the largest differences with the experimentally measured 
values were observed for the Sm2Zr2O7 type TBC coatings.

5. Summary

The DFT (density functional theory) method, like other 
ab initio methods, enables the determination of fundamental 
physical parameters of materials, including components of the 
stress tensor. This allows for the determination of theoretical 
values of elastic moduli, including Young’s modulus, which is 
the basis for determining the speed of sound in a given crystal 
lattice – in effect, the velocity of phonon wave propagation, 
which corresponds to the thermal conductivity of a crystal with 
a specific lattice type. Using Cahill or Clark relations, it is pos-
sible to determine the minimum thermal conductivity of such 
crystals, a criterion value for selecting materials for insulating 
applications, such as TBC systems. The Slack relation, in turn, 
allows for the determination of the dependence of phonon con-
ductivity on temperature. Indeed, these values refer to crystals 
with an ideal lattice structure. 

In the case of real TBC systems obtained by APS plasma 
spraying, we deal with splat-to-splat boundaries, a defined splat 
geometry (thickness and width), specific interface morphology, 
and spherical, horizontal, and vertical porosity. 

For interphase boundaries in sintered materials, studies 
presented in [67] showed that the resistance of the Y2O3×ZrO2/
Y2O3×ZrO2 interface was 4.5×10–9 m2 KW–1, while for the 
Al2O3/Al2O3 interface it was 0.9-1.3×10–8 m2 KW–1 [68,69]. 
These values are low enough not to significantly affect the results 
of theoretical calculations that account for thermal resistance. 
However, it is assumed that the thermal resistance of a hetero-
geneous interface is higher than that of homonymous interfaces 
in single-phase materials. The increased resistance in two-phase 
materials may result from differences in the coefficient of thermal 
expansion, which can cause mechanical defects at the interface 
or lead to separation of the two surfaces [70].

The situation is different for ceramic materials, which un-
dergo consolidation by methods other than sintering. Examples 
of such systems include thermal insulation coatings applied by 
plasma spraying. When analyzing the morphology of thermal 
insulation coatings obtained by plasma spraying, it should be 
noted that a splat-to-splat interface is formed during the coat-
ing formation process. Not all splats are permanently bonded, 
which increases the total area of discontinuity, reducing the 
system’s thermal conductivity. The actual bonding area between 
individual splats is assumed to be approximately 20%. Poros-
ity and interlayer contact area are two key factors influencing 
coating properties [71-73]. All these elements limit phonon wave 
propagation and generate thermal resistance, thereby reducing 
thermal conductivity.

Therefore, using material parameters obtained from DFT 
simulations with relationships describing the influence of micro-
structural parameters such as spherical and horizontal porosity, 
splat width and thickness, and inter-splat boundary thermal 
resistance should enable relatively accurate prediction of the 

Gd2Zr2O7

Fig. 2(a-e). Summary of calculation results of effective thermal conductivity of TBC systems

(e)
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thermal conductivity of TBC systems characterized by the type of 
material used (DFT simulations) and the microstructural charac-
teristics of the insulating layer (spherical and horizontal porosity, 
splat thickness and width, number of splat-to-splat boundaries, 
and thickness of the ceramic coating). The main limitation in 
using DFT simulation results for this type of calculation is the 
accuracy of the results, which in turn depends on the correct-
ness of the assumptions about the material’s unit cell structure.

The studies demonstrated that first-principles simulations, 
including DFT calculations, can effectively predict the effec-
tive thermal conductivity of the ceramic layer in thermal bar-
rier coatings. The best-fitting results were obtained for models 
that account for interface thermal resistance or its inverse, i.e., 
interfacial thermal conductivity, i.e. the Scardi-Jadhav model, 
and especially for the layered and ITR models.

In the case of the Scardi-Jadhav model, the poor fit of the 
results to the experimental data is related to the geometric param-
eters of the coating’s structural elements, i.e., splat thickness and 
diameter. Accurate detection, closely related to the preparation of 
TBC systems, is a key factor in predicting efficiency. The layered 
and ITR models only refer to the number of splats/grains and 
the thermal resistance values of the interfacial boundaries and 
are therefore less susceptible to errors associated with revealing 
the splat or grain geometry. This is why the prediction results 
for the Sm2Zr2O7 coating deviate from the expected accuracy. 
Nevertheless, in the remaining four cases, the comparison of 
experimental results and modelling studies is very satisfactory.

Introducing the interfacial resistance effect into the equa-
tions for determining effective thermal conductivity, along with 
data obtained from DFT simulations, is ineffective for the basic 
equations, i.e., those listed in Table 5, from Ohm’s equation to 
EMT. The predictions differ significantly from the actual thermal 
conductivity measurements of the tested TBC systems (these 
measurements were not included in Fig. 1 for clarity). This is due 
to the absence of a component related to the interface’s thermal 
resistance. However, using data from direct measurements of the 
diffusivity/thermal conductivity of sinters obtained by the LFA 
method in these equations allows for a good prediction of the 
effective thermal conductivity at ambient temperature.

6. Conclusions

Compiling functional relationships that describe the value of 
effective thermal conductivity from material data obtained using 
the DFT method enables accurate prediction of this parameter 
for TBC systems.

Critical factors determining the accuracy of the results in-
clude, on the one hand, correctly performed DFT simulations and, 
on the other hand, the precise determination of microstructural 
parameters of the ceramic layer, such as spherical and horizontal 
porosity, the number of strands/grains, and their geometry.

Effectively utilizing the microstructural design capabilities 
of ceramic layers in TBC systems also requires precise knowl-
edge of the thermal resistance of the interstrand interface.

The introduction of additional data from DFT simulations 
(DFT) enables expanded predictions of the insulating proper-
ties of TBC systems, for example, as a function of tempera-
ture. Above all, however, it enables theoretical verification of 
the thermal conductivity of TBC systems based on new materi-
als during the design phase, with significant economic impli- 
cations
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