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ABSTRACT; This paper presents the synthesis of nanopowders of Big.osZng.osFeo9sNio.0503, Bio.oZng.1FeooNip.103,
Big.gsZno.15Fe0.85Ni0.1503, Bio.sZno2FeosNip203, Bio.osNio.osFe0.95Zn0.0503, Bio.oNio.1Feo.0Zn0.103, Bio.gsNio.15Feo.85Z10.1503
and Big sNig2Feo3Zng.03 ceramics using solution combustion method (SCM). These samples Big.osZng osFeo.95Nig.0503,
Bio.9Zno.1Feo.oNio.103, Bio.gsZnog.15Fe0.85Nio.1503, BigsZng2FeosNio 203, BiogsNio.osFe0.95Zn0.0503, BiooNio.1FeooZng. 103,
Bio.s5Nio.15sFeo.85Zn0.1503, Big sNio2FeosZno 203 ceramics were prepared using metal nitrates and glycine fuel as a crucial
preliminary material. These nanopowder samples were ground, calcined at various high temperatures, and then
pelletized to make pellets.

KEYWORDS: Multiferroics, Nanopowders, Zn-Ni substituted BiFeOs, Glycine fuel, SCM, applications.
L. INTRODUCTION

One type of ferrite that combines electrical and magnetic features is bismuth ferrite, or BiFeO3 (BFO) [1]. Ferroelectric
(Tc ~ 1103K) and antiferromagnetic (Tn ~ 643K) orders occur simultaneously in bismuth ferrite, one of the extremely
rare multiferroic materials [2]. The multiferroic BiFeO3; has variety of applications like low power consumption,
environmental friendly devices [3], capacitors, nonvolatile logic [4], spintronics, stable nano-scale memory element [5],
infrared detector [6], photocatalytic field [7], microelectronics [8], non-linear optics, photo-electrochemical cells [9],
transducers, actuators [10]. The number of synthesis techniques have been used for the preparation of pure, doped and
codoped BiFeOs ceramics like citrate method [11], Co-precipitation technique [12], Sol gel method [13], Sol-gel auto
combustions method [14] and solid state reaction route [15]. In this paper, we have prepared our Bi.«ZnyFe;.;,Niy;O3 and
Bi;xNixFei,Zn,O3 nanopowder samples at different doping concentrations using solution combustion method.

II. METHODOLOGY

Experimental Process of Preparation of BiixZnxFe1yNiyOs3 (x =y = 0.05, 0.1, 0.15, 0.2):

Initial Materials: Zinc, ferric, nickel, and bismuth nitrates, as well as glycine, are the main starting ingredients.
Synthesis Process:

The preparation of Bio.gsZno.osFeo9sNioosOs, BiooZno.1FeooNio.1O3, BiossZno.1sFeo.ssNio.1503, BigsZng2FeosNio20;
ceramic samples were carried out using the precursors such as bismuth nitrate, zinc nitrate, ferric nitrate, nickel nitrate
as an oxidizers while glycine was used as a fuel. Using the oxidizing and reducing valences of the metal nitrates and
fuel, the oxidizer (O) to fuel (F) ratio was exactly taken consideration when generating the sample mixture [16].

The bismuth nitrate, zinc nitrate, ferric nitrate, nickel nitrate and glycine taken in a stoichiometric quantity and were
dissolved in a distilled water in a separate beakers after that, these solutions were combined and heated on a gas burner
in a Pyrex dish. Subsequently the constant heating, the water gets evaporated and lastly a combustion takes place with
formation of Bio.9sZno.0sFe0.9sNi0.0s03, Bio.oZno.1Feo.9Nio.103, Bio.ssZno.1sFeo.ssNio.1503, Bio.sZno.2Feo sNip.2O3 nanopowder
samples. The experimental procedure was given by Chaudhari et.al. [17], these powders were grinded in an acetone
medium and finally calcined at 375°C, 380°C, 385°C, 390°C for 1 hour in a furnace and finally carried out for
pelletization. Fig. 1 (a) depicts the flowchart used to prepare these samples, while Fig. 1 (b) details the entire
experimental procedure used to produce these nanopowder samples. Fig. 2 (a), (b), (c), (d) shows the synthesized
nanopowders of Big.9sZng.0sFeo.95Nio.0s03, Bio.oZno.1Feo.oNio.103, Bio.ssZno.1sFeo.85Nio.1503, Bio.sZno2Feo sNip203 samples
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and Fig.3 (a), (b), (c), (d) shows the prepared pellets of BigosZno.osFeoosNigosO3, BiooZng 1FeooNip.103,

Big.35Zn¢.15Fe0.85Nig.1503, Bio.sZno 2FegNig203 powder samples.
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Fig.1 (a). Flowchart of synthesis of Big.9sZng 0sFeo.95Nig.0503, Bio.oZng 1Feo oNio.103, Big.gsZno.1sFe 8sNio.1503,
Bin 8Zno»Fen sNio»O3 ceramic samples by SCM.
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Fig. 2 (a). (b). (c). (d) shows the synthesized powders of Bij g5Zng osFeg 55N1g 4503. BigsZng 1Fey gNip 3-
03, Bio's_;znovlerO;ssNio_]_sO} and Bio'sZnoJFeoszio_203 ceramic sa.mples.
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Fig. 3 (a), (b). (c). (d) shows the pellets of synthesized powders samples of
Bij 95Zny psFeq 95N1g 0503. Big sZng 1Feg gNig 103. Bip 35Zng 15Feq 35N1p 15035 and
Bij sZng,Fep gNig 203 samples.
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Experimental Process of Preparation of BiixNixFe1yZnyO3 x =y = 0.05, 0.1, 0.15, 0.2):
Initial Materials:
Bismuth nitrate, nickel nitrate, ferric nitrate, zinc nitrate, and glycine are the main beginning components.

Synthesis Process:

The preparation of Bio_gsNi0_05F60_952n0_0503, Bio_gNio_lFeo_gzno_103, Bio_ssNio_15Feo_852n0_1503, Bio_gNio_zFe()_ano_203
ceramic samples were carried out by the precursors such as bismuth nitrate, nickel nitrate, ferric nitrate, zinc nitrate as
oxidizers whereas glycine was used as a fuel. Using the oxidizing and reducing valences of the metal nitrates and fuel,
the oxidizer (O) to fuel (F) ratio was precisely taken into account when preparing the sample combination [16].

In separate beakers, distilled water was used to dissolve the stoichiometric amounts of bismuth nitrate, nickel nitrate,
ferric nitrate, zinc nitrate, and glycine. These solutions were combined, then put in a Pyrex dish and heated using a gas
burner. Afterwards the continuous heating, the water gets evaporated and finally a combustion takes place with
formation of Bio.osNio.0sFe0.95Zn0.0503, BigoNio.1FeooZng.103, BiogsNio.1sFeo.85Zn0.1503, BigsNio.2FeosZng203; ceramic
nanopowder samples. The experimental route was stated by Chaudhari et.al. [17], these powders were grinded in an
acetone medium and lastly calcined at 410°C, 430°C, 450°C, 470°C for 2 hours in a furnace and finally carried out for
pelletization. The procedure for the production of these nanopowder samples is shown in the flowchart in Figure 4(a)
and Fig. 4 (b) describes the experimental methodology of preparation of these samples. Fig.5 a), (b), (c), (d) shows the
synthesized pOWdCI‘ samples of Bio_t)sNi()_05F60,952n0,0503, Bio,9Ni0,|Feo,9ZHO,103, Bio,gsNio,15Feolgszn041503,
Big sNig2FeosZng .03 ceramics and Fig.6 a), (b), (¢), (d) shows the prepared pellets of the BigosNig.osFeo.95Zno.0503,
BigoNig.1Fe0.9Zng.103, BiggsNio.1sFeo.ssZno.1503, BigsNip2FeosZno 203 powder samples.

Bismuth Nitrate Nickel nitrate Ferric Nitrate Zinc Nitrate Glycine
dissolved in DI dissolved in DI dissolved in DI dissolved in DI dissolved in DI
Water Water Water Water Water
Mixing and Mixing and Mixing and Mixing and Mixing and
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Combustion powders of Bi) ,Ni;Fe; ,Zn O; as a final product
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U

Pellet Preparation of powders using Pellet press

Flg 4 (a) Flowchart of synthesis of Bi0A95Ni0A05FeoA95ZnoA0503, Bio‘gNioAlFeo‘L)ZnoJO% BioAgsNioAlsFeoAsf;Zl’loA1503,
Big.sNig2Feo.8Zng20;3 ceramic samples by SCM.
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Fig. 4 (b). Experimental methodology process

Fig 5 a), (b). (c). (d) shows the synthesized powder samples of Big sN1g gsFeg 95Zng 9503,
BiysNig Fep sZny 105, Big ssNig 15Fe 35Zn5 1503, Bip gNig ;Feq sZn 203 ceramics
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Fig 6 a). (b). (c). (d) shows the pellets of BiggsNig gsFeggsZng 9505, BiggNig 1 FepsZng 105,
Big5sNig 15Feq 53Zng 1503. Bip Nip Feq sZng 203 powder samples

II1. RESULTS AND DISCUSSION:

Fig.1 (a) presents the flowchart of preparation of the Bii«Zn.Fei,Ni,O; samples and Fig.1 (b) shows the brief
experimental methodology of formulation of Bi.xZn«Fe.,Ni,O3 nanopowder samples. Fig. 2 (a), (b), (c), (d) shows the
synthesized nanopowders of Big.95sZng 05F€0.95sNip.0s03, Big.oZng 1Feo9Nig. 103, Bio.gsZng.15Fe0.gsNig.1503,
Big3Zng2FeosNip203 samples and Fig.3 (a), (b), (c), (d) shows the pellets of formulated Bi.osZno.osFeo.0sNi.0503,
Big.9Zno.1Feo9Nio.103, Bio.ssZno.15Fe0.s5Nio.1503, Bio.sZno2Feo sNig 203 powder samples.

In Figure 4(a), the flowchart for the preparation of the Bi«NixFei,Zn,O3 samples is shown and Fig.4 (b) shows the
brief experimental methodology of formulation of Bi;«NixFeiyZn,O3 nanopowder samples. Fig.5 a), (b), (c), (d) shows
the synthesized nanopowders of BigosNioosFeoosZngosOs, BiooNig.1FeooZng 103, BigssNio.isFeos5Zng.1503,
Bip sNig2FeosZng,03 samples and Fig.6 a), (b), (c), (d) shows the pellets of the prepared Big.osNig.osFeo.95Zn0.0503,
Big.9Nio.1Fe.9Zno.103, Bio.gsNio.15Fe.s5Zn0.1503, Bio.sNio2Feo.sZno 203 powder samples.

IV. CONCLUSION
In the present paper, we have successfully produced the nanopowders of the Bio.osZno.osFeo.9sNio.0503,
Bio.9Zno.1FeooNig.103, BiogsZno.1sFeossNio.1503, BiosZno2FeosNio203, Bio.osNig.osFeo9sZnoosOs, BiooNio.1FeooZno. 103,
Big gsNig.15Feo.85Zn0.1503, BigsNig2Feo sZng 203 samples through solution combustion method.
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