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ABSTRACT 
 This paper reports the synthesis and characterization of Bi-based misfit cobaltite rods. The 
specimens have been processed through the Laser Floating Zone method in air. The electrical 
resistivity (ρ) of directionally solidified rods were determined and correlated with the textural and 
microstructural features (neutron diffraction and scanning electron microscopy). This work is the 
first step of our researches in the field of Bi-cobaltite as-synthesized by the Laser Floating Zone 
method, and gives an interesting approach with the view to engineering their properties and 
synthesizing other promising thermoelectric compounds. 
 
1. INTRODUCTION 
 Since the discovery of large thermoelectricity in NaxCoO2,1 enthusiastic efforts have been 
devoted to explore new Co oxides exhibiting high thermoelectric performances, and some layered 
cobaltites, such as [Ca2CoO3][CoO2]1.62 and [Bi0.87SrO2]2[CoO2]1.82 were found to exhibit good 
thermoelectric (TE) properties as well.2-4 

 The crystal structure of these layered cobaltites is composed of an alternate stacking of a 
common conductive CdI2-type CoO2 layer with a two-dimensional triangular lattice and a block 
layer, composed of one (in NaxCoO2) to several insulating rock-salt-type (RS) layer (in 
[Bi0.87SrO2]2[CoO2]1.82 or [Bi0.81CaO2]2[CoO2]1.69)5-7. Derived from NaxCoO2, the structure of 
these cobalt oxides consist of single hexagonal CoO2 layers stacked with quadruple rock-salt 
layers composed of double [Bi-O] and [Ca-O] layers. The two RS and CoO2 layers have common 
a and c axes, while the b-axis lengths of the two layers are different. Due to their high structural 
anisotropy, the alignment of plate-like grains by mechanical and/or chemical processes is 
necessary to attain macroscopic properties comparable to the intrinsic crystallographic ones. The 
preferential grain orientation is expected to improve the transport properties of the bulk material 
and to reach, if possible, the TE properties of the single crystal. Here is reported the processing of 
long textured Bi-based cobaltite bulk ceramics by the laser floating zone (LFZ) technique8-9. 
Long lengths (more than 25 cm) of textured materials have been processed. The microstructural 
characterization of the textured ceramics has been performed by scanning electron microscopy 
(SEM), and the texture was determined by neutron diffraction. 
 
2. EXPERIMENTAL 
 Polycrystalline ceramics with the initial composition Bi2Ca2Co1.7Ox, Bi2Sr2Co1.8Ox, and 
Bi2(Ca,Sr)2Co1.75Ox were prepared by the conventional solid-state synthesis technique from 



 

commercial Bi2O3 (Panreac, 98 + %), SrCO3 (Panreac, 98 + %), CaCO3 (Panreac, 98.5 + %) and 
Co2O3 (Aldrich, 98 + %) powders. 
 These powders were weighed in the adequate proportions, mixed, milled in an agate ball 
mill for 30 minutes at 60 rpm, and calcined at 750ºC for 12 h in air to assure the carbonates 
decomposition. The resulting powder was then carefully ground in an agate mortar, followed by a 
ball milling for 30 minutes at 60 rpm to assure good homogeneity of the mixture. The obtained 
product was then introduced in a furnace at 800ºC for 12 h in air, reground and ball milled to 
obtain a fine powder, which was isostatically pressed at 200 MPa in order to obtain green ceramic 
cylinders. These cylinders have been then heated at 800ºC for several hours, and quenched at 
room temperature in air, to improve their mechanical properties as they have to be used as feed in 
a LFZ device8 equipped with a power Nd:YAG continuous laser (1.06 µm). The growth was 
performed downwards at growth rates of 15, 30 and 50 mm/h for each composition, with a 
relative rotation, between feed and seed, of 15 rpm, leading to long (more than 25 cm) and 
textured cylindrical rods. 
 The texture of the hot-forged sample was determined from neutron diffraction spectra. For 
that purpose, the cylindrical rod was cut in several pieces of 10 mm in length. They were paste 
ones beside the others to form an approximate rod of 10 mm in diameter and 10 mm in length. 
With this almost symmetric configuration, the whole volume of the sample is analyzed by the 
neutron beam. A curved position-sensitive detector coupled to a tilt angle (χ) scan allowed the 
whole diffraction pattern treatment in the combined Rietveld-WIMV algorithm, implemented in 
the MAUD software.10-11 X-ray structural determination performed on the single crystal12 was 
used to describe the 3D structural model of the [Bi0.81CaO2]2[CoO2]1.69 phase in the MAUD 
software using the supercell description, and to determine through an iterative methodology the 
texture of the cobaltite. Experiments were carried out on the D1B neutron line at the Institut Laüe 
Langevin, Grenoble. The neutron wavelength is monochromatised to λ=2.523 Å. Diffracted 
neutrons are collected on a 80° (resolution 0.2°) 2θ ҏrange. Scans for combined analysis were 
operated from χ = 0 to 90° (step 5°) using a fixed incidence angle ω of 25.11°. The average 
volume of the sample is 100 mm3, and the measuring times were around 20 min per sample 
orientation. 
 Electrical resistivity measurements were performed by the standard dc four-probe 
technique from 5 to 400K at self field in a Physical Properties Measurement System (PPMS) 
from Quantum Design. The scanning electron microscopy (SEM) observations were made using 
a Zeiss Supra 55.  
 
3. RESULTS AND DISCUSSION 
 The figure 1 illustrates three different Bi2Ca2Co1.7Ox grown bars according to their initial 
green shapes before the translating growth (50 mm/h). It evidences the potential of the technique 
to grow cylindrical rods with diameters of several millimeters. 
 
 
 
 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 

Figure 1: Bi2Ca2Co1.7Ox grown rods depending of their initial green shapes before the 
translating growth (50 mm/h). 

 
 The figure 2 shows the transversal fracture along the bar axis. It can be clearly identified 
that the grains grow preferentially parallel to the cylindrical axis whereas an initial angle growth 
of around 30° is observed. In figure 2b, a close view of the fracture shows large platelike grains, 
with dimensions of several hundred of micrometers in the ab planes, and several micrometers in 
the c direction. As speculated from the microstructures, the texture (i.e. the c-axes of the misfit 
structure are preferentially aligned perpendicular to the rod axis) has been attested by neutron 
diffraction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: SEM micrographies of (a) a transversal fracture along the rod axis and (b) a close 
view showing the large platelike grains. Bi2Ca2Co1.7Ox compound. 

  
 The figure 3 presents the measured neutron diffraction pattern for all χ orientations of the 
sample. Firstly, it can be clearly seen that major peaks correspond to the misfit cobaltite 
Bi2Ca2Co1.7Ox whose the general monoclinic structure is described by two sublattices with their 
different b parameters: a=4.90Å b1=4.73Å, b2=2.80Å, c=14.66Å, β=93°49.12 Secondly, this 
graph highlights without ambiguity the texture. In particular, we clearly observe the intensity 
decrease of the (hk0) peaks when χ increases and the appearance of the (00l) peaks when χ tends 
to 90°. 

a) b)



 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Neutron diffraction pattern operated for 19χ-scans from χ = 0 to 90° (step 5°) using a 

fixed incidence angle ω of 25.11° ({006} Bragg position). 
 
 
 Based on a 3D structural model, reconstructed from the single crystal data, the whole 
diffraction pattern was refined. In figure 4, we can visually appreciate the agreement between the 
experimental (dots) and refined (lines) spectra for all the χ orientations. The refinement reliability 
is established by RP0, RP1 for the Orientation Distribution (OD) refinement, and Rw and RB 
factors for the Rietveld data, equal to 9.5%, 7.1 %, 9.6%, and 4.2%, respectively. 
 Figure 5 shows the inverse pole figures calculated for the z fiber direction, parallel to the 
translation axis. It shows a preferential orientation of the a and b-axis along the translation 
direction. Whereas we were attending a symetric planar texture, with an equivalent orientation of 
the [hk0] direction along the translation axis, the results show that the melting zone has induced a 
prenfrential growth of the platelike grains along some precise directions. 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4: Experimental (dots) and calculated (lines) neutron diffraction patterns for various χ 

positions (0 to 90°). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Inverse pole figures calculated for the z direction, parallel to the hot-forging direction. 

 In terms of thermoelectric properties, at that time, only electrical resistivity measurements 
have been performed. These ones are presented in figure 6. According to the literature,13-14 the 
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cylindrical rods, synthesized from the Bi2Sr2Co1.8Ox composition, exhibit a semiconductor/metal 
transition around 100-150K, whatever the translation speed growth is. On the opposite, the 
Bi2Ca2Co1.7Ox and Bi2(Ca,Sr)2Co1.75Ox compositions exhibit a semiconducting behavior on the 
full range of temperature, according to our last study on the BiCaCoO system.15 As a general 
trend, i.e. for the three compositions, the translation speed has a significant influence on the 
transport properties. The decreasing up to 15 mm/h allows a reduction of the resistivity by a 
factor 1.5-2, whatever the composition is. This indicates that the crystal growth has an impact on 
the texturation and consequently on the transport behavior. Actually, we have not all the data to 
argue our hypothesis, but we strongly believe that the texture strength, the density and the 
crystallite size are the major factors of the electrical resistivity variations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Resistivity versus temperature curves, for the (a) Bi2Ca2Co1.7Ox, (b) Bi2Sr2Co1.8Ox, and 

(c) Bi2(Ca,Sr)2Co1.75Ox compositions, depending of the LFZ translation speed. 
 
 Finally, the figure 7 presents the resistivity versus temperature curves of the three 
compositions for a fixed LFZ translation speed of 15 mm/h. The magnitude of the resistivity is  
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Figure 7: Resistivity versus temperature curves, for the three compositions. LFZ translation 
speed = 15 mm/h. 

 
reduced by modifying the alkaline earth cations, which indicates and confirms16 that the increase 
of the ionic radius of the alkaline earth cations induces an increase of the misfit ratio, thereby 
resulting in increasing the Co ions valence in the CoO2 layer and consequently increasing the 
carrier concentration. For confirming this hypothesis, thermopower measurements will be carried 
out soon. 
 
4. CONCLUSIONS 
 
 Preliminary results highlight the reliability and effectiveness of the LFZ method for 
texturing Bi-based misfit cobaltite rods. Neutron diffraction evidenced the texture developed 
during the melting growth. The electrical resistivity measurements of the three studied 
compounds, i.e. Bi2Ca2Co1.7Ox, Bi2Sr2Co1.8Ox, and Bi2(Ca,Sr)2Co1.75Ox, depending of the 
translation speed, are in agreement with the results reported in the literature. Other physical 
properties characterizations (thermopower, thermal conductivity) are now under investigation in 
order to check the role of the composition and microstructure on the transport properties. 
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