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Introduction. Lithium ceramics have attractive property for fast tritium release, high density, thermal stability, low activation energy, Li-ion battery which is used in portable electronic devices, communication facilities, electronic vehicles and stationary energy storage systems [START_REF] Barick | Dielectric and impedance spectroscopy of zirconium modified (Na 0.5 Bi 0.5) TiO 3 ceramics[END_REF][START_REF] Dash | Electrical properties of bulk and nano Li2TiO3 ceramics: A comparative study[END_REF][START_REF] Fehr | Electrical conductivity of Li2TiO3 ceramics[END_REF][START_REF] Puli | Controlled and enhanced dielectric properties of high-titanium containing LixTi0.1Ni1-xO via chemical composition-tailoring[END_REF][START_REF] Reddy | Microwave sintering of nickel ferrite nanoparticles processed via sol-gel method[END_REF]. Different techniques are used to produce lithium titanate ceramics such as sol-gel, other wet chemical methods and solution combustion and polymer solution. Among these methods, the sol-gel method is easy to synthesis and yields high homogeneity [START_REF] Roy | Piezoelectric, impedance, electric modulus and AC conductivity studies on[END_REF]. Microwave sintering of ceramics is the easiest and cheapest method, offering rapid heating rate, low sintering temperature and uniform sintering [START_REF] Sinha | Single step synthesis of Li 2 TiO 3 powder[END_REF]. The electrical property of the material depends on structural changes in the material. The structural and electrical conductivity of the lithium nickel titanate (LNT) synthesized by sol-gel method [START_REF] Pavithra | Impedance Analysis of Microwave Processed Lead Nickel Titanate[END_REF] and microwave processing is discussed.

Experimental Procedure. The starting materials are lithium monohydrate (Sigma-Aldrich, 97%, LiOH.H2O), and nickel nitrate (Sigma-Aldrich, 97.0%, Ni(NO3)2. 6H2O) and titanium butoxide (Sigma-Aldrich, 97.0%, Ti(OC4H9)4). The details of sol-gel synthesis are published in our previous article (MMSE). The obtained gel from the sol-gel technique is dried. Further obtained powder is calcinated at 900°C and sintered at 1100°C for 45min using microwave furnace. The conductivity measurements are conducted on a pellitized sample using LCR bridge (HIOKI-HI Tester 50-3532).

Results and Discussion

Structural Analysis. The structural analysis of LNT is confirmed by powder X-ray diffraction technique (PXRD). The phase formation of LNT is in agreement with the reported and JCPDS file no: 71-2348. A typical PXRD for x=0.5 is shown in Fig. 1 which confirms the monoclinic crystal structure and C2/c space group [START_REF] Puli | Controlled and enhanced dielectric properties of high-titanium containing LixTi0.1Ni1-xO via chemical composition-tailoring[END_REF].

Conduction Mechanism. AC electrical conductivity as a function of frequency at different temperatures is shown in Fig 2 . From Fig. 2 it is evident that σac increases with frequency suggesting polaron conduction. Conduction by polarons belong to two categories, large polarons and small polarons. (i) Large polarons-the ac conductivity decreases with frequency and the conductivity is by band mechanism at all the temperatures. (ii) Small polarons-The ac conductivity increases with frequency. The present case shows small polarons mechanism. The electrical conductivity depends on hopping of electrons between different valence states of an ion like Ni 2+ ↔ Ni 3+ or Ti 3+ ↔ Ti 4+ . The conductivity of the material is high at high frequency and temperature. This indicates that the conduction is by thermally driven charge carriers. The conductivity is low at low frequency due to the active grain boundary. [START_REF] Barick | Dielectric and impedance spectroscopy of zirconium modified (Na 0.5 Bi 0.5) TiO 3 ceramics[END_REF], [START_REF] Dash | Electrical properties of bulk and nano Li2TiO3 ceramics: A comparative study[END_REF], [START_REF] Puli | Chemical composition-tailored Li x Ti 0.1 Ni 1-x O ceramics with enhanced dielectric properties[END_REF], [START_REF] Wu | Sol-gel synthesis and sintering of nano-size Li 2 TiO 3 powder[END_REF]. The presence of a peak in the imaginary part indicates the conductivity relaxation behaviour of the samples. At lower temperature, x=0 sample shows prominent relaxation peaks, which disappeared on increasing the temperature. The value of M″ tends to zero at lower frequencies justifies that the electrode polarization does not make any contribution to the modulus [START_REF] Wu | Optimization of a wet chemistry method for fabrication of Li 2 TiO 3 pebbles[END_REF], [START_REF] Yu | Monoclinic Li 2 TiO 3 nano-particles via hydrothermal reaction: Processing and structure[END_REF]. Summary. The nickel doped lithium titanate is prepared by sol-gel technique and microwave sintered. The phase formation of LNT is confirmed by powder X-ray diffraction technique and the electrical conductivity is LNT is proposed to be by small polarons. Modulus studies have confirmed no contribution of electrode polarization in the conduction mechanism.
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 1 Fig. 1. PXRD of LNT.
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 2 Fig. 2. AC conductivity with frequency at different temperatures of LNT.

  is the angular frequency. The real part of the electric modulus is shown in Fig 3a. The value of M′ is increasing with increase in frequency and it reaches a maximum value at high frequency. Increasing temperature resulted in decrease of M′ and it approaches to zero at all the recorded temperatures, indicating the suppression of the electrode polarization effect. The imaginary part of the electric modulus (M″) with frequency at different temperatures is shown in Fig 3b. It explains the charge transport mechanism such as conductivity relaxation and electrical transport behaviour of the materials.
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 3 Fig. 3. (a) real electric modulus with frequency at different temperatures,(b) imaginary part of electric modulus with temperature at varies temperatures.
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