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Abstract

Li2TiO3 ceramic powders have been developed by a solid state reaction method and those have been sintered at four different temperatures

(600 8C, 700 8C, 800 8C and 900 8C) towards the optimization of sintering temperature that has been found to be at 800 8C based on the nature of

the XRD profiles. The sample sintered at 800 8C has shown a good crystallinity situation from its XRD peaks and the sample is found to be in

monoclinic structure which is in accordance with the reported data of JCPDS 33-0831. The SEM images for samples sintered at 600 8C, 700 8C,

800 and 900 8C, EDAX peaks, FTIR profile have been measured for the temperature optimized (800 8C) sample for understanding the structural

details of Li2TiO3 ceramic powders. Besides these, dielectric constant, dielectric loss and a.c. conductivities have been measured for the

temperature optimized sample. In order to strengthen the observations made in the XRD profiles at four different temperatures, Raman spectra of

those four sintered ceramic powders have also been studied. In respect of the thermal properties, only for the as synthesized (precursor) sample,

simultaneous measurement of TG-DTA profiles has been carried out for analysis.
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1. Introduction

Morphology and important applications of Li2TiO3 ceramics

have earlier been reported in literature [1–6]. Keeping the

uniqueness and relevance of this material, we have considered

this host matrix to incorporatewith Eu3+ and Dy3+ ions separately

for their potential applications in the development of visible

luminescent colors [7]. While studying luminescent properties of

Eu3+:Li2TiO3 and Dy3+:Li2TiO3 ceramics, we have not earlier

undertaken to study structural, thermal, Raman and dielectric

properties for the host matrix Li2TiO3 ceramic powder, as our

major objective was on luminescent performances. In the present

work structural, thermal and dielectric studies have been taken up

and the interesting results are reported here.

2. Experimental studies

Lithium titanium oxide (Li2TiO3) ceramic powder was

synthesized by a solid state reaction method based on the
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following reaction scheme:

Li2CO3þTiO2 ! Li2TiO3þCO2

Li2TiO3 ceramic powder was prepared by mixing the

chemicals appropriately in an agate motor using the acetone as

the binder solvent for 2 h to obtain homogeneous mixture and

then that was collected into porcelain crucibles for sintering

each of those samples at 600 8C, 700 8C, 800 8C and 900 8C for

5 h, respectively.

The prepared powder ceramics were characterized by XRD

3003 Seifert diffractometer with Cu Ka line of l = 1.5406 Å.

The data were collected in the 2u range from 158 to 708 at the

rate of 0.058/s. The crystallite size was calculated by using full

width at half maxima (FWHM) by using Scherrer’s equation

Dcrystallite = kl/b cos u. Where D was the crystallite size, k was

Scherrer’s constant = 0.9, l =1.5406 Å (X-ray wavelength),

and b was full width half maxima at diffraction angle 2u.

Thermal analysis of as prepared sample studied, differential

thermal analysis (DTA) and thermogravimetric analysis (TGA)

were measured for the precursor (as synthesized sample) in N2

atmosphere at a heating rate of 10 8C/min on a Netzesch STA

409 simultaneous thermal analyzer. Raman spectrum was

recorded using a Horiva Jobin HR800 spectrometer. The
d.
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Fig. 2. Variation of crystallite size with change in sintering temperature.
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samples were excited with a 632.8 nm of He–Ne laser and the

profile was obtained in the range of 100–1000 cm�1 with

spectral resolution of 1 cm�1. The morphology of the ceramic

powder was examined on a JEOL JSEM 840A scanning

electron microscope. The elemental analysis of the synthesized

product was carried out using the EDAX attachment to the SEM

system. A Fourier transform infrared (FTIR) spectrum of the

sample was carried out on a Thermo Nicolet-5700 spectro-

photometer using the KBr pellet technique in the range of

4000–400 cm�1.

Dielectric properties were performed using Agilent 4294A

precision LCR meter. For measuring the dielectric constant,

pressed cylindrical pellets of Li2TiO3 sintered at 800 8C was

covered on surfaces with silver paste, there by forming parallel

plate capacitor geometry. The dielectric measurements were

carried out from 5 kHz to10 MHz. The value of the dielectric

constant (e0) of Li2TiO3 was calculated using the formula:

e0 ¼ Cd

e0A

where eo is permittivity in vacuum equal to 0.0885 pF/cm2, C is

the capacitance of the specimen, t is the sample thickness and A

is the area of the specimen in cm2.

The a.c. conductivity of Li2TiO3 that was calculated from

the relation:

sa:c: ¼ e0eov tan dðOhm�1 � cm�1Þ

where eo is the permittivity in vacuum and v is 2pf and tan d is

loss tangent which is proportional to the loss of energy from the

applied field on the sample and therefore donated as dielectric

loss.

3. Results and discussion

The XRD patterns of the Li2TiO3 powders, sintered at

different temperatures are shown in Fig. 1 and features have

demonstrated the monoclinic phase from the ceramic powder

that was calcined at 800 8C, and found to be well matching with

JCPDC 33-0831 with a = 5.069, b = 8.799, c = 9.759,
Fig. 1. XRD profiles of Li2TiO3 ceramic powders sintered at 600 8C, 700 8C,

800 8C and 900 8C for 5 h.
b = 100.2. XRD diffractogram of Li2TiO3 powder at 600 8C
has shown small intense peaks at 2u = 27.548, and 54.558 which

correspond to the rutile TiO2 [8,9]. Three other peaks located at

2u = 21.358, 30.538 and 31.698 correspond to the impurity of

the precursor. XRD difractogram of Li2TiO3 that was calcined

at 700 8C has not shown such a rutile TiO2 peaks and hence

found to be commencing to transform into the monoclinic

Li2TiO3 phase. With an increase in calcination temperature, the

peaks are becoming sharp and intense due to an increase in

crystallite size of the sample. The crystallite size was calculated

by using Scherrer’s equation, which results in with an average

crystallite size 19, 26, 30 and 42 nm corresponding to the

Li2TiO3 powders that were sintered at 600 8C, 700 8C, 800 8C
and 900 8C. Variation of crystallite size with the calcination

temperature change is given in Fig. 2.

Fig. 3 shows the TG-DTA curves of the as synthesized

(precursor) sample of Li2TiO3. It can be clearly seen from this

figure that the formation of the Li2TiO3 takes places around

728 8C. It can be observed that there are two stages in mass

losses of the material and then it becomes constant from 728 8C
up to 1000 8C. The major weight loss 25.62% occurs in the

single step between 500 and 728 8C. Before reaching to 500 8C,

the total weight loss is 3.45%. The mass loss from room

temperature to 728 8C could be due to the evaporation of water
Fig. 3. TG-DTA profiles of as synthesized Li2TiO3 ceramic powder.



Fig. 4. Raman spectra of Li2TiO3 ceramic powders at 600 8C, 700 8C, 800 8C
and 900 8C for 5 h.

Fig. 6. EDAX analysis of Li2TiO3 powder sintered at 800 8C for 5 h.
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and decomposition of thermally unstable organic compounds if

any. We get the weight of Li2TiO3 at 728 8C is 70.93% it is well

matched with calculated value 71.40%. This result gives the TG

curve of as prepared Li2TiO3. A broad exothermic peak

appeared near 685 8C in the DTA curve reveals the crystal-

lization of Li2TiO3 ceramic powder.

Raman spectra of Li2TiO3 ceramic powder at 600 8C,

700 8C, 800 8C and 900 8C as shown in Fig. 4. Raman spectrum

at the calcination temperature of 600 8C displays two intense

peaks at 451 cm�1 and 615 cm�1, which correspond to the

rutile TiO2 [10,11]. The calcination temperature of 60–600 8C
has been reported in the case of the appearance of TiO2 (rutile)
Fig. 5. SEM micrographs showing Li2TiO3 powders sintered at (a)
phase [12,13]. These rutile peaks disappear in Raman spectrum

at 700 8C. In lithium titanate, the frequencies in the 700–

550 cm�1 region are known to be assigned to Ti–O stretching in

TiO6 octahedra. In oxides, where lithium is octahedrally

coordinated by oxygen; the frequencies of Li–O stretching are

known to be existing within the 250–400 cm�1 region. In the

lithium coordination is tetragonal; the frequencies lie in the

400–550 cm�1 region. In the Li2TiO3 structure, the lithium

occupies both the octahedral and tetrahedral positions [13,14].

Fig. 5 shows the SEM micrographs of the Li2TiO3 ceramic

powders which are sintered at 600 8C, 700 8C, 800 8C and

900 8C each for 5 h for a comparison purpose. From these
600 8C and (b) 700 8C, (c) 800 8C and (d) 900 8C each for 5 h.



Fig. 7. FT-IR spectrum of Li2TiO3 powders sintered at 800 8C for 5 h.

Fig. 9. Variation of a.c. conductivity with frequency for Li2TiO3 sintered at

800 8C for 5 h.
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images it is clear to notice that the sample sintered at 800 8C has

revealed clearer and well defined structures with granular size

in about 1 mm. Fig. 6 presents the EDAX elemental analysis of

the ceramic powder studied. However, the EDAX of the matrix

could not show the presence of lithium because of its light

weight [15,16]. The impurity of Al was found to be in (0.86%)

from the EDAX analysis of Li2TiO3 shows this Al impurity

which could be arising due to the Li2TiO3 or TiO2.

The FT-IR spectrum of Li2TiO3 is shown in Fig. 7 with a

broad peak at 3460 cm�1 that arises due to the O–H stretching

vibrations of free and hydrogen-bonded surface hydroxyl

groups [17]. The bonds at 1498 cm�1 and 1433 cm�1 can be

assigned to the antisymmetric stretching vibrations of CO3
2S

anions and that a peak located at 872 cm�1 can be attributed to

the stretching vibrations of CO3
2� anions [18]. The bond at

2360 cm�1 is due to the Ti–O vibrations [18]. Another peak

located at 2360 cm�1 is due to the Ti–O vibrations [19].

Fig. 8 shows the frequency dependence of the dielectric

constant and dielectric loss of Li2TiO3 ceramic powder that was

sintered at 800 8C measured in the frequency range from 5 kHz

to 10 MHz at the room temperature. In Fig. 8, it is seen that the

dielectric constant and dielectric loss decreases up to 1 MHz

indicating the fact that the carriers do not follow alternating

field up to this frequency. Beyond this frequency (1–10 MHz)

the dielectric constant and dielectric loss has been found to be
Fig. 8. Dielectric constant and dielectric loss of Li2TiO3 pellets sintered at

800 8C for 5 h (inset figure shows the pellet form of Li2TiO3 ceramic powder).
increasing with an increase in the frequency. The a.c.

conductivity has been shown in Fig. 9 evaluated from the

data of dielectric measurements also found to be changing with

an increase in the frequency. The reason behind this

phenomenon may be that during the synthesis process, some

vacancies might be possible in the system. Such vacancies may

change the oxidation state of Ti ions (Ti4+ to Ti3+), which in turn

increase the number of electrons. Such a mechanism could

increase the hopping process and thus causing an increase in the

dielectric constant, tan d, and a.c. conductivity [20–22].

4. Conclusion

Li2TiO3 ceramic powders were developed by a solid state

reaction method at four different temperatures such as 600 8C,

700 8C, 800 8C and 900 8C and the sample sintered at 800 8C
was exhibiting satisfactory structural properties. Therefore, the

optimized sintering temperature was found to be at 800 8C
based on XRD profiles and SEM micrographs. In order to

understand the thermal properties, precursor Li2TiO3 was

considered to measure its TG-DTA profile. For this optimized

sample, both, Raman spectra and dielectric properties have also

been studied.
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