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ABSTRACT

This work presents the synthesis of Laifi€rovskite by simple combustion synthesis usingahere as the fuel.
The samples were characterized by X-ray Diffrac{fldRD) and FT-IR. Inorder to identify the thermaabmposition and
dissociation reactions, differential thermal ansy®TA) and thermogravimetric analysis (TGA) weyerformed. The
elemental analysis of the powder was assessed uUsireggy Dispersive X-ray analysis (EDS) technigqdée

morphological features of the powders were examine8canning Electron Microscopy (FESEM).
KEYWORDS: Combustion synthesis, Perovskite, X-ray Diffractibléxamine
INTRODUCTION

Perovskite type oxides are considered as promisiaterials because of their special chemical andsipaly
properties than other oxide materials. These oxde® a general formula AB@nd contain both rare earth elements and
3-d transition metals in the +3 oxidation state sghAis the larger cation (M.A.Pena et al., 200),.Krylova 2002;
P.Laccorre et al., 1991) and B is the smaller cdtianthanum Nickelate (LaNgpexhibits very interesting properties and
is used as cathodes, gas sensors , catalystgRttaccorre et al., 1991;M.S.Chenet al., 1996;.Bidgh 1997; K.Barnard
et al., 1990)

Conventionally, this compound is prepared by setate reaction where the metal oxides are usedegsingors
and are ground to very fine mixture and subsequeaititered at very high temperature for longer tloreto obtain a pure
phase of lanthanum nickelate(S.K.Tuwarum et al9819A.K.Norman et al.,, 1999). The final product $nlid state
processing results in larger particle sizes withoimogenity. Inorder to reduce the reaction tempegaand duration of
sintering, many wet chemical methods have been tigch as co-precipitation method(G.HelenAnnal &beret. al.,
2005), sol-gel method (Tomas Grygar 1999) , mo#ial synthesis (S.IgnatiusArockiam et. al., 2012) aombustion
process (Yanping Wang et al., 2006). The objeativeur investigation is to prepare nano-crystallaethanum nickelate
powders by hexamine combustion process. Hexami® @dlled as hexa methylene tetramine, a heteliocgojanic

compound widely used in organic synthesisis usddeisThe combustion reaction can be represerged a
(CH)N4+ 100G, > 4CO + 2CENG, + 6H,0

Hexamine was used as a fuel for the preparatidithaim manganite (LiMBO,) (A. Subramani et al. 2007), nano
lithium nickelate particles (M. Kayavizhi et al.020), alumina nanofibres(Jianggiang Wang et alQ720dispersed
bimetallic carbides and nitrides(S. Chouziera et 2006 ) and borides(K, Amalajothi et al., 2008). the best of our
knowledge no one has made attempt to prepare pystaltine lanthanum nickelate compound by comioumstechnique

using hexamine as a fuel. Considering the impogaridhis material in advanced technological agpioms, we prepared
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lanthanum nickelate compound using the above method
EXPERIMENTAL

Nano powders of lanthanum nickelate were prepayed twet chemistry route using nitrates of lantharamd
nickel.Hexamine was used as a fuel and a gelategta Initially aliquot amounts of analytical graldathanum nitrate
(LaNiOs3) and nickel nitrate (Ni(Ng),.6H,O) were thoroughly mixed with hexamine. Then thetare was dissolved in
deionised water to obtain a precursor solution. Tiigture solution was concentrated in a quartz ibtacuntil the
evaporation of free water and it ignites at higingerature. During ignition, a flame with copiousgsa was evolved from
the reaction zone. Lanthanum Nickelate product eedcined at 80T for five hours using an electrical resistancaeéice.
After the completion of calcination, the samplesraveharacterized by X-Ray diffraction (XRD) usingi-&asource
(Philips 8030 X-ray diffractor) FT-IR measurementsre performed with a Perkin Elmer UK paragon-5@@@roscope
in the mid Infra-red region (4500-400 ¢jn For each sample preparation approximately 2 frepmple was dispersed in
300 mg of KBr powder and pressed into a pellet aseld for the analysis. The elemental analysis ®fpitbwders using
Energy Dispersive X-ray analysis (EDAX) techniqu&his analytical tool was as attachment to the SEdannning
Electron Microscope) unit. The surface morphologsvanalysed by using a Scanning Electron Micros¢dB®L-JSH-
3.5(cf-Japan)). Differential Thermal Analysis (DTAnd Thermo Gravimetric Analysis (TGA) of the agbgsized

powders were carried out using a STA 1500 pl thestiances, version V4.30 analyser.

RESULTS AND DISCUSSIONS
TGA/DTA

The thermal behavior of the as-synthesized lantimanickelate compound was studied using thermogratvim
and differential thermal analysis. The TGA and Dg@udtves are shown in figure 1. The curve exhibitidige regions of
weight loss in the final product lanthanum nickelabmpound from the amorphous powder. There isdugit decrease in
weight loss noticed between room temperature to0BZ. Beyond this temperature, there is an enosmamnount of loss
in weight that has been observed upto 292.66 °@.ri&jor weight loss in this region is attributedtte loss of water and
dissociation of chemical compounds like oxidesitbgen and carbon di oxide from the precursor éedfuel hexamine.
Beyond this temperature, the loss in weight is tbtobe meagre indicating the transformation of gghous powder into
crystalline lanthanum nickelate compound. The DTkve reflects the same information where an endotitepeak
appeared at 257.30 °C indicates the chemical datime of inbound water molecules. An exothermi@lp@ppeared at
261.38 °C specifically attributed to the decompositreaction of hexamine and other nitrogen coimagimtermediates at
that stage of the product formation process. Thelgml decrease in DTA curve upto 800 °C exhibiesttansformation

into the final product crystalline lanthanum nickel.
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Figure 1. TGA/DTA Curves of lanio
X-Ray Diffraction (XRD)

The XRD patterns of synthesized nano powders othéamum nickelate exhibit sharp crystalline pealeraft
calcinations at 80T. It is shown in figure2. The as synthesized pawdimve shown sharp crystalline peak which reveals
the completion of combustionreaction on the syntheocess. The analysis of this XRD data asceyrthiat the sample is
single phased presenting orthorhombicperovskitetahstructure (A Jones et al., 2008; M. E. |. Bagtdal., 1995). The
average crystalline size of the powders has beeerrdmed from the XRD pattern according to the Deby
Scherrerequation(P.Ciambelli et al., 2001) andatiece distortion calculated by the equation(Xiang Dong et al., 1996)

20°cog0 = 4[[4(MD)*+32’sir’0

Where 6 — Diffraction angle, L -X-ray wavelength equal to 0.154 nm, D-averagestalysize calculated by
scherrer equation «?—Full Width at Half Maximum (FWHM in radian)

The variation of crystallinity of the synthesizezhthanum nickelate compound by the calcinationdifégrent
temperatures has been evaluated. It is noticedhbatrystal size grows with the increase in caliéam temperature. It is
mainly because of the grain growth which occursrduthe thermal treatment process. It has beeresepted in the form
of graph by a straight line of InDVs 1/T.

According to the Scott equation given below undeg tondition of homogenous growth of nano crystals
(Huaming Yang et al., 2004) which approximatelyaligges the growth rate of nanocrystals

D = C exp (E/RT)

Where D is the crystal size, C is the constants Ehé activation energy for crystal growth, R ie fbeal as

constant and T is the absolute temperature.

There exists a linear relationship between InD &fid Accordingly E value could be derived from #lepe of
the straight line (E=41.9Kcal/mol). We can see ttia growth of the LaNi@nanocrystalheavily depend on the
calcinations temperature.
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Figure 2: XRD Pattern of as Synthesized LaNiQ Compound
FT-IR Spectroscopy

The FT-IR spectrum is shown in figure 3. In thiegjpum we could see 3 prominent bands and few Wwaaks at
different wavelength region. From the FTIR spectrinihas been observed that the strong frequenngdappeared at
1000-1550 cri is responsible for the formation of lanthanum eieke crystals. The bands appeared at 2374.50a0mn
responsible for La-O bands and a strong band a6.292cmi" are responsible for Ni-O bands. The other strongdba

above 3000cihrepresents the presence of inbound water mole@idesamioara Claudia Chioaru et al., 2008).
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Figure 3: FT-IR Spectra of as-Synthesized LaNiQ Compound

Scanning Electron Microscopy

Scanning Electron micrographs of the synthesizathtmum nickelate powders is shown in figure 4xtibits
very fine agglomerated crystals with irregular nfarlogy.
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Figure 4. SEM Micrograph of as-Synthesized LaNiG Compound
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EDX Spectroscopy

Figure 5.shows the EDX spectrum of the as synthdd@anthanum nickelate compound.The spectrum shiosvs
appropriate concentration of lanthanum, nickel axgigen in the product. The spectrum affirms thatdbtained product

is pure without other impurity elements.

Figure 5: Energy Dispersive X-Ray Spectrum of LaNiQ Compound
CONCLUSIONS

LaNiOscompound was successfully prepared by a comprelessiution combustion synthesis technique. The
TGA-DTA study discloses that the compound is forma¢é@round 600C and the formation involves several exothermic
reactions. XRD patterns and SEM micrographs divtigeformation of desired orthorhombic phase wlith grain size in
the range of nanometers. The EDS spectrum dedlaaieshe obtained product does not contain any iities. The FTIR

spectrum shows the characteristic vibration modesaNiOs.
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