Chemleeh

International Journal of ChemTech Research
CODEN (USA): IJCRGG ISSN : 0974- 4290
Vol.6, No.3, pp 1962-1964, May-June 2014

www.sphinxsai.com

ICMCT-2014 [10™ — 12™ March 2014]
International Conference on Materials and Character  ization Techniques

Investigations on Structural and Electrical Properties
of Li;NiSiO,

Manas Ranjan Panda, Rajesh Cheruku, G. Govindaraj *

Department of Physics, Pondicherry University,
R. Venkataraman Nagar, Kalapet, Pondicherry 605 014 , India.

*Corresp. Author: ggraj_7@yahoo.com

Abstract: A nanocrystalline LiNiSiO, has been prepared by sol-gel synthesis technigbe. ahnealed
samples were characterized using TG-DTA, XRD antM-EDX. XRD pattern show the crystalline nature of
the samples well appreciating the thermal behaviduthe materials, at temperature between 800°@XD0
given stable phase. Morphology of the materials imagstigated through the Scanning Electron Micopsc
(SEM) and the particles were found to be ofsphesbapes. The chemical composition was identifigdhle
techniques of Energy Dispersive X-ray spectrosq@&@iyX) along with X-ray mapping that is integratedhw
SEM. The electrical relaxation studies were exmglarsing the conductivity spectrum comprises of slipear
power law (SPL) dependence. The activation energiese calculated from straight line fit to beE
(0.25+0.03) eV, Ec= (0.21+0.03) and Ee (0.13+0.02) eV. The temperature dependence afodductivity
and hopping frequency is evident from Arrheniudglo

K eywor ds:Silicates; cathode materials; stable phase;supead power law (SPL).

Introduction and Experimental:

Many experimental and theoretical studies havegatahat L}MSiO,are promising candidates that can
replace for LiFeP¢J1]. The reason for the alternative is the posigybdf extracting two lithium ions for a two
electron redox process while only one lithium ian de extracted in LiFeROAmong them, Fe and Mn
systems have been studied well and proven to déxhibiery high capacity as well as chemical stapbilit
properties [2]. With the same structure;NiSiO, is also expected to possess such high capacitgtabdity
and a higher voltage, and needed a systematictigatien of its electrochemical and transport préips. In
this work, to determine the energy barrier of thaiffusion, we calculated the activation energpfle of the
elementary processes.By using the super-linear ptame (SPL) method[3]. High purity Nickel (I1) Nite
(Ni(NOs),), Tetraethyl Orthosilicate (Si(()255)4) are used as the starting materials and Citrid etbﬁiH807) as

the fuel for this method .In order to avoid moisttine experiment was done in the nitrogen atmosphEne as
prepared sample was annealed at 800 °C, 900 °@GHQI°C respectively in air for 4 hrs.

Results and Discussion:

All the observed diffraction lines are indexed tosihfrequently observe in the Pmrepace group [4]
with the orthorhombic structure [5, 6]. The averaggstallites size calculated for each sample uSicigerer’s
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formula (D=K\/Bcod) are found to be 14.96 nm, 23.28 nm, 29.92 nm dn864nm for as prepared, 800°C,
900 °C and 1000 °C annealed samples respectivelincieased directly with the increase in annealed
temperature.TG curve presents four steps of wéigistalong with one endothermic and two exotheipeaks

on DTA curve The removal of complexed metal acetates and ditid which is obvious from the large
exothermic peak at around 600 °C in the DTA cuivslow and continuous decrease in weight above°?00

is observed, which may be attributed to the prooéssystallization of LiNiSiO,.

Morphology of the materials was investigated thitotige Scanning Electron Microscope (SEM) and
the particles werefound to be of the spherical ebaphe particle sizes calculated were approximdi4é nm
at 800 °C and164 nm at 900 °C. EDX spectrum coifitinat the prepared sample consists of only theeatk
elements as there are no extra peaks found fromgrih. From the EDX table data the weight pergggaf
individual elements of the sample is being obtainéday mapping or compositional imaging of elenant
distributions is the tool to identify the densitl/tbe elements present in the specified area. Xanapping of
Li,-NiSiO, shows the spatial distribution of specific elensemxygen, silicon and nickel throughout the grains
uniformly.

-

l » I LiMiSiC) 1000 95|
- b

_hor

o £
JLL;;N:Q;QQ 205

I YR S T IR | =
Sl

Li }ESH0, 800 =
JL 75}

L e AN
70t —\Weight vs Temp(TG)
i S0, ASP = Temp diff vs Temp(DTA)

- ) O P U T N U TR S B S |

100 200 300 400 500 600 70O 80O 900

= 30 2 ] Temperature {*C)

Intemsity(an)

Tefmperature Bifference [C)

0. ., =
25 indagras

Figure 1: XRD pattern of all annealed samples Figure 2: TG/DTA curvesfor LiNiSiO,

o . v
Li NiSiO_ ASP ‘u Li Nisi0, 800
. L ' ‘
- e N )
4 ]

10Lm I 1

_mm M ww
|l Jv Li Misi0, ASP
S e T
] 1 i 1 i L] L ' -
L}

Figure 3:SEM, EDX and X-ray mapping of ASP and 800 °C simtesamples.

We report the ac conductivity measurements of thNi8iO, over the temperature range RT to 453K
and the frequency range 1 to 10 MHz The condugtsitectrum comprises of super-linear power law (SPL
dependence [3]. These results clearly demonsthateexistence of the SPL at the lowest temperatlires.
interesting to point out that the SPL (m >1) seémexist in the same frequency (or time)-temperatigmain
as the NCL and, moreover, exhibits similar charisties, apart from the numerical value of the trenacy

exponent. Thus, it appears reasonable to suggﬂﬂ]hmtotawr(cu] spectrum may be described by a modified
Jonscher’s equation,

d@=0 (T+ Ao +BMo. €N
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Where n < 1 accounts for JPL and>h for SPL/NCL. The first term in Eq. (1¢4(T), is the well-known dc
conductivity arising from uninhibited random hoppiof the ions, the second is the JPL arising duesticted
ion hopping and the third (SPL) may be due to texel systems or low-energy excitation modes of
vibration.The temperature dependencgofandm, shows Arrhenius behaviour as:

o (I)=00 exp(-Ex /K T) 2
o =0 exp(-E/K T) €)

where@? is the pre-exponential factor, T is temperatur&étvin, E; and E are activation energies for dc
conduction and hopping,gds Boltzmann’s constant, angis the attempt frequency. The activation energies
are calculated from straight line fit to Eqns. é)d (3) which are found to be, E(0.25+0.03) eV, Ec=
(0.21+0.03) andEc= (0.13+£0.02)eVrespectively.

In conclusion, nano-crystalline materiabMiSiO4 were successfully prepared by sol-gel synthegis. T
XRD data confirms the phase formation The TG-DTAadshows stable phase after 800 °C The activation
energies of dc conduction calculated successflie. temperature dependence of dc conductivity apgihg
frequency is evident from Arrhenius plots. As fbe tsuitable values of conductivity this materiah ¢& used
for cathode for the lithium ion batteries.
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Figure4: Log—log plot of frequency dependence of ac conditgtfitted with Aimond—West formalism.
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