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Abstract: These Nan composites are synthesized by Sol-Gel process named as Nickel-Alumina and Zinc-Alumina.
They are calcined and sintered with high temperatures at 1000°C and are characterized by XRD and FTIR
techniques to calculate crystalline size and lattice strain %. The following conclusions are drawn: Sol-Gel process
via high temperature sintering methods is favourable for crystalline phase for both nickel and Zinc-Alumina and
the sintering temperature supports the formation of MAI,O, spinal Aluminates bulk Phases(M= Ni, Zn ).
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I.  INTRODUCTION

Nan crystalline ceramics are attracting an increasing interest nowadays with much attention because they have a variety of
interesting and novel physical properties which lead to prepare different kind of Nan composites. The properties of Nan
composite materials will be depend on the properties, particle-size, surface area; Morphology, and Interfacial
characteristics of individual parents to enhance its reactivity strength and electrical properties etc.

Sol-Gel method enables homogeneous samples to be obtained at low temperatures and the starting cationic composites to
be maintained by using metal salts as raw material and mixing them in a liquid solution. The most obvious advantage of
this Sol-Gel method is that reagents are mostly mixed in atomic level, which may increase the reaction rate and decrease
the synthesis temperature [5].

The materials like ZnAl,O, and NiAl,O, [6,7] found enhanced properties such as thermal stability at elevated
temperatures. The ability to scale up the synthesis to bulk scale will gain increasing importance as more applications are
established.

The present investigation is envisaged to generate basic data on the nano composites of Nickel and Zinc-Alumina by
adopting standard method to study

Synthesis by Sol-Gel process of Alumina with Nickel and Zinc. Preparation of Nan particles of the above composites at
different speeds to study characters. Characterization of the composites of different combinations by the following
methods: Crystalline by XRD, Lattice strain %, IR-bonding, the techniques employed was XRD analysis, and FTIR
techniques.

Il. EXPERIMENTAL PROCEDURE

Nickel and Zinc Nitrates are mixed with Aluminum Nitrates were prepared by mixing calculated portions of Zinc Nitrate
and Nickel Nitrate with definite amounts of citric acid . To prepare Nickel and Zinc alumina through Sol-Gel process on
every combination 100 ml Ammonia and 20 ml Ethylene glycol is mixed. And the table with amounts of materials and
Flow sheets were reckoned below.

Tables with materials:

Aluminium Nitrate | Nickel Nitrate Ni(NO3), | Zinc Nitrate Zn(NO;), Citric acid
AI(NOs)s

12.50 9.69 57.6

12.50 9.91 57.6
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General Flow sheets of Ni and Zn/ Al:
SOL-Gel Process for Nickel and Zinc Substituted Alumina

Aluminium Nitrate

Add Citric Acid

Nickel/Zinc
Nitrates

Add Ammonia

Add Citric acid

Mix Ethylene Glycol

Homogenate the Solutions in
one beaker

Gel Type Foam Exists

I
Aging for 10 Hrs at 70°C

Dry Foamy product

Calcination Process:
The obtained materials are calcined at 600°C for 3 hours, to remove the nitrates and unwanted solvents.
Sintering process:

The precalcined Nickel and Zinc — Alumina composites are chosen for sintering process. The Nanocomposites were
subjected to IR-spectra and XRD analysis. The sintering process was operated at 1000°C for 6 hours.

I1l. RESULTS & DISCUSSION

Preparation of precursor Sol-Gel and calcinations to avoid porosity and agglomeration. The work done for this project has
been divided into two sections. First section consists of synthesis of nanocomposites by adopting Sol-Gel method and
calcinations of the two composites. Second section deals with the characterization of Nan composites through the
properties such as crystallinity, lattice strain and IR absorbency by adopting the techniques XRD and FTIR.

Section I:
General Observation:
The dissolution with Ethylene glycol: citric acid (EG:CA) and Inorganic metal salts with low temperatures makes the

precursor powders predominantly a mixture of homogeneously distributed metal oxides in an intermediate single phase
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compound with stoichiometric of the metal ions. The viscosity of the solution drastically increases during the polymer
chain augmentation. The nature of the cations affect the rate of viscosity increases, which indicates that metal ions play
an important role in cross-linking the polymer chains by means of complex formation. During the first stage of the
polymer growth in the solution it provides necessary environment to prevent cation segregation, and later relatively rigid
polymer network traps cation preserves the initial homogeneity of the solution.

Citric acid is well soluble in Ethylene Glycol, which provides a wide range of CA: EG ratios with the sol-gel process and
makes it possible to tune the conditions of synthesis for each particular system. Chemical Interaction between Citric acid
and Ethylene Glycol with metal nitrates are occurs in the room temperature where the used ammonia is used as a fastest
evaporation of vaporizable phases. The solvent removal and the nitrates are decomposed during the low temperature range
of decomposition. The gelation, with a slow grain growth and a particular phase of alumina and copper, zinc, Nickel oxide
substituted alumina’s are formed during the Sol-Gel synthesis. he obtained precursors are calcined to remove the Nitrates,
particular dissolved solvents and wet content of the composites, so they are calcined at 600°C for 3 hrs.

Section I1I:
High Temperature Sintering process and characterization by XRD and IR spectra:

After the preparation of precursor of the four composites by Sol-Gel process, the precursor is subjected to the calcined
process at 600°C for 3 hours and allowed the same to the sintering at 1000°C for 6 hours. We obtained the XRD patterns
and FTIR measurement for all the (Ni-alumina, Zn-alumina) composites to characterize them.

Precalcined Nickel-Alumina:

The precalcined precursors NiOAI,Oz are calcined at 1000°C and analysed with X-ray diffraction analysis and IR spectra
to characterize.
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Fig 1.a XRD image of precalcined NioAl,O at 1000°C
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Fig 1.b IR-Spectra 500-4000 cm™ of precalcined NioAl,O; at 1000°C
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Fig 1.c IR-Spectra 400-1000 cm™ of precalcined NioAl,O; at 1000°C

Figure 1.a show the XRD patterns obtained for NiOAl,O; powder prepared by Sintering process at 1000°C for 6 hours.
All the peaks in the XRD pattern are very sharp showing the well crystalline behaviour of the heat treated powder.
Obtained XRD pattern is compared with reported data. The identified phases present in the patterns of NiOAILO; are of
cubic spinel-type (ICDD: 71-0963) [4]. The crystallite size calculated for NiOAI,O5 are small reported earlier (nearly 14
nm) whereas the crystallite size obtained from our XRD pattern is 33.3nm with lattice strain 0.342%, which is coinciding
the particulate size of crystallite with urea as fuel. FTIR spectra are also support the same pattern.

Precalcined Zinc alumina (ZnOAl,03):

The precursor was calcinated at1000°C. Then Crystallite size and Lattice Strain% are determined by X-ray diffraction
(XRD) analysis recorded on an X-ray diffractometer system using CuKo radiation and absorbency with FTIR
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Fig 2.a XRD image of precalcined ZnoAl,O5 at 1000°C
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Fig 2.b IR-Spectra 500-4000 cm™ of precalcined ZnoAl,O; at 1000°C
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Fig 2.c IR-Spectra 400-1000 cm™ of proclaimed ZnoAl,Oj; at 1000°C

Figure 2.a represents the XRD patterns the compound ZnOAI,O3 All peaks of the diagram are well defined pointing to
the high crystalline nature. All the diffraction peaks in good match with the reported data of Abdul Jamal et al 2011[3]. It
is also supported the formation of spinel phase. The crystalline size is determined with Scherer method as 32 nm with
lattice strain% 0.407. The FTIR spectrum is presented in the figure 2.b and 2.c a broad absorption band is observed at
3420 cm™ and it indicates to OH group, which is an indication of slight water content in the crystallites. The bands at
1630 cm™ 1410 cm™ can be attributed to OH group in the metal alkoxides present in the gel [3]. Three sharp absorption
peaks visible in the figure5.4.4c at 650, 550 and 498 cm™ arise from the stretching vibrations of tetrahedral and octahedral
bonds in the spinel [3] a small absorption peak noticed at 2343 cm™ may be attributed to the presence of oxygen-oxygen
bonds in the FCC crystal lattice of oxygen atoms [3].

Tabular form of the peak position, crystallite Size and lattice Strain (%)

No Element B.Obs BStd Peak B struct Crystallite Lattice Strain
[2Th] [2Th] position [20] 20 size [A°] [90]
1 NiAlLO,4- 0.317 0.060 43.353 0.257 333 0.342
1000°c
2 ZnAl,0O4- 0.317 0.060 36.916 0.257 326 0.407
1000°c

IV. CONCLUSION

Nanocomposites are prepared by Sol-Gel procedure named as Nickel Alumina and Zinc Alumina. The calcined
composites are sintered at high temperatures i.e., 1000°C. And they are characterized through XRD and FTIR spectra.
Finally crystalline size and lattice strain % are calculated using Scherer’s formula. Based on the above experimental data,
XRD patterns and FTIR spectrum, the following conclusions are drawn from the study. XRD patterns of NiAl,O, have
shown that there is a formation of cubic spinel type with crystalline size of 33 nm with lattice strain % 0.342. XRD
patterns of ZnAl,O, supports that the formation of spinel Zinc aluminate particle with average crystalline size of 32nm
with lattice strain % 0.407. FTIR spectra also support the structure spinel. The above conclusions are subjected to the
range of concentrations and ratios of the chemicals are used in the present study.

REFERENCES
[1]  Synthesis and characterization of Nano-sized Nickel aluminate spinel crystals. N.M.Deraz, Int.j.Electrochem.sci,8
(2013) 5203-5212.

[2]  Hydrothermal synthesis of ZnAl,O,:Cr3+ nanocrystals.l. Miron, I. Grozescu, Vol. 6, No. 5-6, May - June (2012),
p. 673 — 675.

[3] On structural, optical and dielectric properties of zinc aluminate Nanoparticles. E.Muhammad Abdul Jamal, D
Sakthi Kumar and M.R. Anantharaman, Bull. Mater. Sci., Vol. 34, No. 2, April (2011) , pp. 251-259.

Page | 131
Research Publish Journals




International Journal of Engineering Research and Reviews ISSN 2348-697X (Online)

Vol. 2, Issue 4, pp: (127-132), Month: October - December 2014, Available at: www.researchpublish.com

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

Effect of fuels on the combustion synthesis of NiAl,O4 Spinel particles. K. Christine Stella and A. Samson
Nesaraj,Iranian Journal of Materials Science& Engineering Vol. 7, Number 2, spring (2010).

Sol-gel modified Pechini method for obtaining nanocrystalline KRE (WO04)2 (RE= Gd and
Yb).M.Galceran,M.C.Pujol, M.Aguilo, F.Diaz, J Sol-Gel Sci Techn (2007) 42:79-88.

Journal of Sol-Gel Science Technology 42:41Yanyan J, Jinggang L, Xiaotao S, Guiling N, Chengyu W, Xiumei.
Doi: 10.1007/s 109, 71-006-1525-3, (2005).

Characterization of ZnAl,O4 Nanocrystals prepared by Co precipitation and Microemulsion Techniques. Ciupina,
|.Carazeanua, G. Prodan, Journal of Optoelectronics and Advanced Materials Vol. 6, No. 4, December (2004), p.
1317-1322.

Preparation of multi-component ceramic Nanoparticles Lanlin Zhang, 04019/CISM/lIz, 23 March (2004).

Nickel-alumina composite aerogel catalysts with a high nickel load: a novel fast Sol-gel synthesis procedure and
screening of catalytic properties: S. Krompiec a, J. Mrowiec-Bialon b, K. Skutil a, A. Dukowicz a, L. Pajazk c,
A.B.Jarzezbski, Journal of Non-Crystalline Solids 315 (2003) 297-303.

Infrared Spectra of inorganic and coordination compound. Nakamoto k, (1986) 4™ Edition, Chemical Industry
press, Beijing.

Process for Improved densification of Sol-Gel Produced Other Publications Alumina-Based Ceramics “Application
of Sol-Gel Processes. Alvin P Gerk Lewiston N Y, Patent Number: 4,574,003, Date of Patent: Mar.4, (1986).

Page | 132
Research Publish Journals




