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Abstract: The microstructural and heat transport properties of La2Ti2-xNbxO7 (0.00≤x≤0.25) 
ceramics have been investigated with compositions batched, synthesized by solid state reaction 
and sintered in 5% H2/N2 at 1773 K for 6 h. The microstructural analysis was conducted using 
scanning electron microscope (XL 30-FEG, Philips/FEI) while the heat transport properties 
(total thermal conductivity and electronic thermal conductivity) were determined by laser flash 
diffusivity technique.  Scanning electron microscopy revealed porous structure in the ceramics 
and confirmed relative density ≤ 93 %. The total thermal conductivity (k) of x = 0.00 (undoped 
La2Ti2O7) displayed the lowest thermal conductivity throughout the measured temperature range, 
whereas the electronic thermal conductivity (ke) contributed very low values (≤0.0044 W/m.K) to 
the k. Overall the undoped La2Ti2-xNbxO7 displayed the lowest total thermal conductivity of 1.18 
W/m.K at 773 – 873 K while x = 0.25 had the maximum total thermal conductivity of 2.26 W/m.K 
at 973 K. 

Keywords: Solid state reaction, Heat transport properties, Porous structure, Thermal      
conductivity. 

 

 
1. Introduction 
 

Thermal conductivity is one of the most studied heat transport properties for any 
solid material. In solid state, thermal conductivity is the transfer of heat via a material 
either by charge carriers or by phonons travelling through the lattice. Total thermal 
conductivity (k) is associated carrier (or electronic) thermal conductivity (ke) and lattice 
thermal conductivity (kl) ) [1], hence k is given by: 
 k = k + k      (1) 
 

  In metals, the k is dominated by ke, and it is attributed to presence of high carrier 
concentration.  Due to this, metals are the best electrical and thermal conductivity 
materials. On the contrary, kl dominates the k of insulators such as ceramics and 
semiconductors. The measure of the electronic contribution of the total thermal 
conductivity relative to electrical conductivity (σ) is established by Wiedemann-Franz 
law [2], [3], and it is given by: 
 

 k = LσT       (2) 
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where T is absolute temperature and L is the constant of proportionality known as 
Lorentz number, and is given by: 
 

L =  = 2.45 x 10-8 WΩK-2              (3) 

where  K  is the Boltzmann constant and e is the charge electron. The lattice contribution 
to the total thermal conductivity is given by a classical kinetic theory as [4]: 
 

K =
 

                                                  (4) 

where C is the specific heat capacity, l is the mean free path of the phonons and Vg is the 
group velocity of the phonons. For a low k to be obtained, low C, short l and a low Vg are 
required [4]. 

Heat capacity (C) is a measure of the ability of a material to absorb thermal 
energy. It is represented as the ratio of heat added (dQ) or removed from a material or 
system relative to a change in temperature, dT (equation 5). Mean free path (MFP) of the 
phonons is the average distance through which phonons travel between two scattering 
centres [4]. An introduction of scattering centres (defects) into the lattice can modify the 
thermal conductivity of a material.  These lattice defects (vacancies, substitutions, 
doping, etc.) shorten the MFP and cause a decrease in k. 

C =                           (5) 

 

1.1 La2Ti2O7 Ceramics 
La2Ti2O7 belongs to the perovskite-like layered structure family with a 

homologous series AnBnO3n+2, where A = RE elements, B = titanium, and n  is the 
number of octahedral units in the perovskite layers (= 4)  [5], [6]. It is a ferroelectric 
material and at room temperature, it possesses a monoclinic unit cell with a space group 
of P21 and a corresponding lattice parameter a = 13.0150 Å, b = 5.5456 Å, c = 7.8170 Å 
and β = 98.6o [6]. At high temperatures, it undergoes a transformation.  For instance, at ~ 
780 oC, it transforms to orthorhombic phase (CMc21) and changes to a paraelectric phase 
(CMcm) at 1500 oC.  La2Ti2O7 ceramics exhibits high Curie temperature, Tc >1500 
oC, excellent piezoelectric properties, non-linear optical and photocatalytic properties and 
finds application in gas turbines at high temperature (>1000 oC) [5], [7].   

Figure 1 represents the crystal structure of La2Ti2O7 ceramics. It consists of 
discontinuous layers of corner sharing TiO6 octahedra in the unit cell [5], [6], with La 
occupying interstitial positions between the octahedra. Pure La2Ti2O7 has a wide band 
gap (Eg) of 3-4 eV and  size of the Eg is dependent on the microstructure, morphology  

and processing method of La2Ti2O7 [8]. 
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Figure 1. Crystal structure of Lanthanum dititanate, La2Ti2O7 [5]. Blue, red, and green balls correspond to 
La3+, O2- and Ti4+ ions respectively.  

 
1.2 Laser Flash Diffusivity Technique 

The commonly used techniques for measuring the thermal conductivity of bulk 
materials include steady state absolute (SSA) method, comparative technique, transient 
plane source (TPS) method and laser flash diffusivity (LFD) technique.  The LFD 
technique was introduced firstly by Parker and co in 1961 [9]. LFD remains the most 
common method for the determination of thermal conductivity of bulk ceramics [10]. 

A typical arrangement of LFD method is shown in Figure 2. It uses instantaneous 
heat source (laser or xenon flash) to heat up the sample’s front side, and a high infra-red 
(IR) detector to measure the time-dependent temperature rise at the rear (back) side. 
Thermal diffusivity values are computed from the temperature rise versus time data curve 
(Figure 1b). The higher the thermal diffusivity of the sample, the faster the heat transfer 
and temperature rise on the rear side. 

For a good detector signal to be obtained in a laser flash system, the test sample 
must not be transparent to IR radiation and/or reflective to visible light, but required to 
exhibit excellent emission-absorption capacity [11]. However, most materials in nature 
do not fulfil these important criteria. For example, most polymers and glasses are 
transparent to IR radiation while metals are highly reflective to visible light. As a result 
of this shortcoming, all samples prior to LFD method measurement are coated in order to 
improve the emission-absorption properties and optimize the signal-to-noise ratio [11]. 
This is achieved either by coating the sample with graphite or sputtering with gold. 
However, graphite is commonly used as the standard coating film. The graphite layer acts 
as an absorber on the front side to prevent the penetration of laser beam into the sample. 
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On the rear side (backside) of the sample, the graphite layer acts as an emitter to prevent 
viewing of the of the IR detector into the sample [12].  
 

 
Figure 2 (a) Schematic measurement set up for the laser flash diffusivity (LFD) method.  
(b) An exemplary illustration of a measured time-dependent temperature rise data curve. 

 
 

2. Experimental 
2.1 powder preparation and sintering 

Precursor powders of La2Ti2-xNbxO7 (x = 0.00, 0.05, 0.10, 0.15,0.20, 0.25) 
ceramics were prepared by conventional solid state reaction technique using La2O3 
(Sigma-Aldrich, UK; 99.99%), TiO2 (Sigma-Aldrich, UK; 99.9%), and Nb2O5 
(Stanford Materials Corp., USA; 99.5%) powders. Precursor powders were mixed in 
the required proportions using a ball mill in isopropanol with 10 diameter yttria-
stabilised zirconia (YSZ) milling media for 24 h. The slurry was dried at 80 oC, 
sieved through a 250 μm mesh and calcined at 1573 K for 6 h in air. 

 

2.2 Density measurements and scanning electron microscopy 
Prior to density measurements, the sintered ceramics were polished with 

metallographic abrasive papers of different grits. The experimental densities of the 
samples were determined by applying Archimedes principle using an electronic digital 
density balance (Mettler-Toldeo AG balance, Switzerland). 
 Samples for microstructural examination were prepared by grinding and polishing 
to a mirror finish on a diamond polishing wheel and carbon coated using a vacuum 
carbon coater (Edwards Vacuum Ltd, England). After carbon coating the samples, the 
microstructures were examined using scanning electron microscope (XL 30-FEG, 
Philips/FEI) at an accelerating voltage of 5-20 Kv. Secondary electron images were 
obtained from the sample surfaces.  
 

2.3 Thermal conductivity measurements 
The thermal conductivity measurements were performed using a thermal 

properties analyzer (Anter Flashline 3000, Pittsburgh, PA 15235, USA) with High-
Speed Xenon Discharge (HSXD) pulse and IR furnace operated with nitrogen gas. A 
square sample (10 x 10 x 1.5 mm) was prepared for the measurements. The density of 
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the sample was keyed into the program software while the was cleaned with 
isopropanol, coated with graphite aerosol and allowed to dry. 

The prepared sample and a thermographite reference material was placed in 
different sample holders on a sample chamber (carousel) aligned with graphite foil in 
the furnace. As the furnace is heated, it followed pre-determined temperature steps, 
from room temperature to 700 oC. an energy pulse was produced from the HSXD, 
which resulted in a homogeneous temperature rise. This temperature rise at the sample 
surface was measured by the high-speed IR detector. 

Finally, the thermal diffusivity and specific heat values of the samples were then 
evaluated from the time-dependent temperature rise data/signal generated. Combining 
the thermal diffusivity, α (m2/s2), specific heat capacity, Cp (J/Kg.K) and density, ρ 
(Kg/m3), the total thermal conductivity k (W/m.K) of the sample was calculated using 
the following equation with expected uncertainty of ± 4 % for Anter Flashline thermal 
properties analyzer: 

     

    𝑘 = 𝛼. 𝐶 . 𝜌               (6) 
 For a reliable diffusivity data, thin graphite coatings are required since excess 
coatings of samples could cause errors. In addition, to control the errors inherent in Cp 
measurement, a very thin sample is required to allow the value of t1/2 to be ≤ 0.3 s thereby 
minimizing heat losses [10]. t1/2 is the time required of the temperature to increase to half-
maximum, and it is utilised in calculating thermal diffusivity [13]. 
 

3. Results and Discussion 
The bulk and relative density of all compositions (x = 0.00, 0.05, 0.10. 0.15, 

0.20,0.25) are plotted in Figure 3. The relative density of all compositions varied 
progressively from 84 to 93 %. Hence, the bulk density increased with increase in Nb 
concentration with x = 0.25 ceramics showing the maximum sintering density of 5.38 
g/cm3 (i.e. 93 % of theoretical density, 5.789 g/cm3) [14]. 
 

                
Figure 3. The Archimedes measured density of La2Ti2-xNbxO7; 0.00 ≤ x ≤ 0.25 ceramics  
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 The SEM secondary electron images of ceramics are shown in Figure 4. The 
images showed homogenous and porous structures consistent with their low relative 
densities (≤ 93 %). The presence of pores in the microstructure contributed to the low 
relative density of the samples. Studies however have suggested that the presence of 
porosity in the lattice creates discontinuities which act as scattering centres thereby 
restricting carrier mobility and enhancing phonon scattering [15], [16].  As a result, both 
electrical conductivity and thermal conductivity are reduced. 
 

                     
      Figure 4. SEM micrographs of the surfaces of La2Ti2-xNbxO7 (0.00 ≤ x ≤ 0.25)   ceramics 

 

 The temperature dependence of the total thermal conductivity (k) and the 
electronic thermal conductivity (ke) of La2Ti2-xNbxO7 (0.00 ≤ x ≤ 0.25)   ceramics are 
shown in Figure 5. It is observed that the thermal behaviour of k of the ceramics is 
irregular with temperature. This anomaly could be related to the complex interplay of 
phonon scattering on the ceramics. Undoped La2Ti2O7 ceramics showed the lowest k 
across the measured temperature range with a minimum value of 1.18 W/. K at 773-873 
K which is consistent with its lowest relative density (84 %). As already discussed, the 
relative density observed in La2Ti2O7 ceramics indicates an increase in porosity in the 
microstructure which significantly affected the thermal conductivity. The relation 
between the k and volume of pores is given in the following equation [17]: 

k = k 1 − P         (7) 

where kO is the thermal conductivity of the material without porosity and P is the fraction 
of pores in the material. The implication of equation 7 therefore, is that increase porosity 
leads to an increase in phonon scattering, resulting in reduction of k.  
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Figure 5. Temperature dependence of (a) total thermal conductivity (b) electronic 
thermal conductivity for La2Ti2-xNbxO7 (0.00 ≤ x ≤ 0.25) ceramics. 
 

[ 

 For the Nb-doped La2Ti2O7 compositions reported in this work, x = 0.10 showed 
the highest k value (2.26 W/m. K) at 973 K, while x = 0.05 exhibited the lowest k value 
of 1. 49  W/m. K at 773 K, attributed to its large unit cell, large atomic mass, crystal 
anisotropy and complex crystal structure [18], [19]. 

The electronic thermal conductivity of undoped La2Ti2O7 ceramics exhibited the 
lowest ke in all measured temperature range as presented in Figure 5(b). The lowest ke 
and generally thermal conductivity obtained in x = 0.00 ceramics showed that phonon 
propagation was restricted probably by the inherent heavy pores in the grains. From the 
small ke values (≤ 0.0044 W/m. K), it is obvious to state that electronic thermal 
conductivity makes a very small contribution to the total thermal conductivity. This 
means that k comes mainly from their lattice thermal conductivity [6], [20].  
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4. Conclusion 
Nominally stoichiometric La2Ti2-xNbxO7 (0.00 ≤ x ≤ 0.25) ceramics were prepared 

by a conventional solid state reaction method and reduced at 1773 K in flowing 5% H2-
95% N2 gas. The measured relative density showed a low range value of 84-93% which 
resulted to porous microstructures with x = 0.25 exhibiting the maximum value (93%). 
The thermal transport properties were determined using the laser flash diffusivity 
technique. The undoped La2Ti2O7 exhibited the lowest k values with a minimum value of 
1.18 W/m.K at 773-873 K which is consistent with its lowest relative density (84 %). 
Overall, a low k values of 1.18 – 2.26 W/m.K are obtained. Apart from the contribution 
of pores to the low k, the inherent large unit cell, large atomic mass, crystal anisotropy 
and complex structure of La2Ti2O7 influenced its low k. 
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