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Abstract: The main purpose of this work was preparation
with sol-gel method and structure investigations of nanocrys-
talline lithium titanate doped with Cu atoms. Lithium titanate
(LiTi2O4) is a II type superconductor with a relatively high
superconducting transition temperature (Tc=13 K). Addition-
ally, its good electrical properties at room temperature make
lithium titanate very popular, especially as electrode material for
rechargeable batteries. LiTi2−xCuxO4 powders were prepared by
sol-gel method using lithium acetate dehydrate, titanum (IV) bu-
toxide and copper (II) nitrate as reagents. The structure of the
obtained material was investigated using the X-ray diffraction
(XRD) method, while the surface was studied with scanning elec-
tron microscope (SEM). Investigations showed nanocristalline
spinel structure of the prepared powder.

1. Introduction

Among the spinel oxide materials, lithium titanate (Li1+xTi2−xO4 where 0 ≤ x ≤ 0.33)
powders could be very interesting from the point of view of practical applications.
Lithium titanate is a II type spinel oxide superconductor with relatively high (∼13 K
for x = 0) superconducting transition temperature Tc. Above Tc lithium titanate
shows metallic behaviour and can be used e.g. as electrodes for rechargeable lithium-
ion batteries (H.X., 2005; Yang J., 2010; M.Q., 2007; Łapinski M., 2013). Since the
discovery of superconductivity in LTO by Johnston, scientific attention has been de-
voted to improving the transition temperature by doping by other atoms. Substitution
of Ti atoms in lithium titanate by for example Al, B, Cr, Ge, Mn, Ni or V has no
effect in enhanced Tc (Lambert P.M., 1990; Faran O., 1996; Kanno T., 2006; C.P.,
2001; P., 1996; Faran O., 1995). As discovered Faran and Volterra, only Cu dopant
gives hope to increase of transition temperature (Faran O., 1995).

The sol-gel method gives great possibilities to fabricate oxide materials (Łapin-
ski M., 2013; Guo, 2005; X., 2005). This chemical procedure allows to manufacture
materials with precisely controlled chemical composition. Additionally, in compar-
ison with other methods, this one is relatively cheap, simple and does not require
high vacuum equipment and high temperature (X., 2005; Łapinski M., 2012). In this
paper crystal structure and morphology of copper doped lithium titanate powders
were discussed.
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2. Experimental section

For sol-gel synthesis lithium acetate dehydrate from Alfa Aesar and titanum (IV)
butoxide 97% from Aldrich were used as reagents. Additionally copper (II) nitrate
from Alfa Aesar was used as a source of Cu dopant. Considering the easy evaporation
of lithium ions during manufacturing and annealing process (Yang J., 2010; Q., 2009),
lithium and titanium precursors were added in proper amount to obtain Li/Ti ratio
equal 2 in solution (Łapinski M., 2013). The ratio is comparable with ratios proposed
by Mohammadi M.R. (2010). The amount of copper precursor was calculated for
Li1Ti2−xCuxO4 solution with x index equal 0, 0.05, 0.1, 0.15 and 0.2. In the first
step lithium acetate and copper nitrate were dissolved completely in ethanol using
magnetic stirrer. After that titanum (IV) butoxide was added.

Prepared sol was mixed by magnetic stirrer at room temperature for 10 minutes
until transformation into homogenous gel. The gel was subsequently left for seven
days in air and room temperature to let the solvent evaporate. After that it was dried
at 100 oC for 20 hours in argon atmosphere. Finally, the dried gel was calcinated in
argon atmosphere for 20 hours at 550 oC. As a result of the above procedure dark
grey powder samples were obtained, which were then compressed into pellets.

Formation of crystalline structure of the samples was examined by Philips X’Pert
diffractometer system using Cu Ka radiation in a range of 10o – 70o of 2Θ. Morphology
of the manufactured thin films was recorded using FEI Quanta Scanning Electron
Microscope. All measurements were conducted at room temperature.

3. Results

The results of XRD investigations are shown in Fig. 1. Plotted spectra correspond
to the samples with different initial copper dopant amount. Investigation of samples:
non doped and Cu – doped with x = 0.05 and 0.1 revealed pure lithium titanate
spinel phase (identified according to JCPDS PDF Card no 82-2318). Composition
with x equal 0.15 and x = 0.2 gave a mixture of lithium titanate and metalic copper
(according to JCPDS PDF Card no 03-1015). Presence of Cu in samples with excess
of copper could be related to the inability to substitute a larger number of titanium
atoms. According to XRD results were calculated with the help of Barggs law lat-
tice parameter. For calculation (440) plane reflex near 63o of 2Θ was used. Average
crysallites size was calculated with the help of Sherrer’s equation. Tab. 1 presents
lattice parameter and crystallites size versus amount of copper dopant curve. Inves-
tigations showed decreasing of lattice constant with increasing of Cu dopant, while
average cristallites size rises with increasing of Cu content.

Morphology of the prepared powders was examined by SEM. Fig. 2 presents
SEM images of samples with different amount of Cu dopant. Powder with the lowest
content of copper had uniform, round grains of the size about 800 nm. Samples with
higher amount of dopant exhibit non-regular structure. Thin particles with sharp
edges are visible on SEM images.
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Fig. 1. XRD patterns of LiTi2−xCuxO4 powders. * - Cu phase according to PDF
Card 03-1015. At the bottom standard pattern of LiTi2O4 was included.

Tab. 1. XRD investigations results of lithium titanate films. A – lattice parameter,
D – average crystallites size.

x a (nm) D (nm)

0 8382 40

0.05 8355 42

0.1 8360 51

0.15 8342 44

0.2 8340 50

4. Conclusions

In this work structure and morphology of lithium titanate powders doped by Cu
were investigated. Samples were prepared by low cost, low temperature sol – gel
method. Investigations showed nanocrystalline structure of manufactured samples.
XRD results confirmed spinel phase of samples, and exhibit metallic Cu phase in
samples with high amount of copper dopant. SEM investigations revealed different
morphology of powders, which depends on the amount of the dopant.
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Fig. 2. SEM images of manufactured LiTi2−xCuxO4 powders: a) x = 0.05, b) x = 0.1,
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