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Abstract—Relaxation and ionic conductivity behavior of conducting 
materials such as NASICON-types (Sodium Super Ionic CONductor) 
is an important area of research interest due to their potential 
application in electronic devices. Lithium Titanium 
Phosphate(LiTi2(PO4)3)was prepared by conventional solid state 
synthesis technique, while characterization was carried out using X-
ray powder diffraction (XRD),The XRD analysis indicated the 
sintering behavior of the material. The synthesized LiTi2(PO4)3 was 
observed to fully formed at 1000 °C. Temperature and frequency 
dependence of AC conductivity and dielectric relaxation behavior 
were obtained at different temperatures from 30to 280 °C within the 
frequency range of 40 Hz to 1 MHz by carrying out IS analysis. The 
AC conductivity was observed to be frequency-independent in the low 
frequency region from 40 MHz to 10 KHz and frequency-dependent 
at higher frequency region (10 KHz to 1 MHz). For dielectric 
permittivity analysis, the dielectric constant ε′ and dielectric loss ε″ 
were found to increase at low frequency and decrease as frequency 
increased at all temperatures. The calculated AC conductivity 
of1.44E-03(Sm)-1 was observed at room temperature.  
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Introduction 
The material with NASICON-type structure (Sodium (Na) 
SuperIonic CONductor), Lithium Titanium 
PhosphateLiTi2(PO)4 (LTP) has been the most studied material 
due to the attention received for battery application[1]. The 
crystal structure consist of network arrangement in three 
dimension,the octahedral TiO6 share their corners with 
tetrahedra PO4 with interstitial and conduction channel along 
c-axis whereas Li is located at the interstitial sites [2,3]. The 
un-substituted LTP exhibits low ionic conductivity at room 
temperature for practical application [4]. Other workers 
reported that reduction of Ti4+ to Ti3+ with Li+restricts the 
material to be used as an electrolyte in solid state battery [5].  

In this work, characterizations were carried out to analyze the 
sintering behavior of the material LTP from room temperature 
to 1200 ⁰C and the relaxation properties of the sample. 

Methodology 
The crystalline material, lithium titanium phosphate was 
prepared by solid-state synthesis method using the materials; 

Li2CO3 (99% Alfa Aesar), TiO2 (99.9% Alfa Aesar), 
NH4H2PO4(98% Alfa Aesar). The stoichiometry mixtures 
were ball mixed in a process control agent (PCA) using 
methanol for 24 h then dried in oven for 12 h. The sample 
powder was calcined at 700 oC for 2 h at heating rate2oC/min 
in air and then finally sintered from 500 oC to 1200 oC. The 
overall chemical reaction is illustrated in Eq.1 

3 4

→ 2 4 3 2 3 3
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Measurement and characterization techniques 
The structural compositions and various phases of the LTP 
was studied and confirmed using the x-ray diffraction (XRD) 
machine, Philips X’pertdiffractometer model 7602 EA Almelo 
with Cu Kα radiation source with λ = 1.5418 Å. The relaxation 
behaviou was observed to be frequency-independent in the 
low frequency region from 40 MHz to 10 KHz and frequency-
dependent at higher frequency region (10 KHz to 1 MHz). 

Result and Discussion 
The X-ray diffraction patterns of the un-substituted powder 
LiTi2(PO4)3 (LTP) with x = 0 sintered in the temperature range 
from 500 ⁰C to 1200 ⁰C is illustrated in Figure 1 It shows the 
sintering behaviour of LTP when sintered at the various 
temperatures. From the Rietveld analysis, the samples 
exhibited hexagonal crystal structure system belonging to R3c 
space group with ICSD card number 98-006-9677. The 
powder sintered at 500 ⁰C is observed with additional peaks 
which includes Lithium Phosphide (Li3PO3) with ICSD card 
no. 98-002-2312, Titanium Phosphate (TiP2O7) with ICSD 
card no. 98-006-0110 and Titanium Oxide (TiO2) with ICSD 
card no. 98-006-7825. As the sintering temperatures increases 
the number of phases is reduced. For the samples sintered at 
600 ⁰C, 700 ⁰C and 800 ⁰C only Titanium Phosphate (TiP2O7) 
was observed. At 900 ⁰C, there is the presence of un-reacted 
Titanium Oxide (TiO2) with ICSD card no. 98-010-5396. The 
presence of these secondary phases or impurities is attributed 
to the low temperature of crystallization. However, the 
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number of secondary phases disappeared as the temperature 
reaches 1000 ⁰C, 1100 ⁰C, and 1200 ⁰C with only single phase 
of LTP. This suggests a complete chemical reaction. 
Meanwhile, proper crystallization is achieved at these 
temperatures with well-defined sharp peaks. The Rietveld 
analysis indicated goodness of fit of about 3.6.   

 
Figure 1 

 

AC conductivity (σac) is one of the electrical parameters used 
to investigate and analysed the dynamics of ions in 
polycrystalline materials such as NASICON compounds. The 
variations of AC conductivity (lnσac) with frequency ln(ω) of 
un-substituted LTP and Al substituted LTP at different 
measuring temperatures from 30 ⁰C to 280 ⁰C and within the 
frequency range 40 Hz to 1 MHz are depicted in Figures 2. It 
is well known that the measured AC conductivity σac of an 
ionic polycrystalline material at a certain temperature is 
always explained in terms of Jonscher′s power law. It can be 
seen from all the plots that as the measuring temperature 
increases, the AC conductivity also increases, this is due to the 
higher thermal energy acquired by the ions at higher 
temperatures.  

 
Figure 2 

 

Figure 1 and 2 indicate the relaxation behavior of the sample 
LTP which is good agreement with Jonscher′s power law. 

 
Figure 3 
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Figure 4 

Conclusion 
The material was successfully synthesized with ICSD card no 
98-004-0755 with various compositions (secondary phases). 
The relaxation properties of the material was also studied. 
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