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1. Introduction

1.1 Multiferroic materials and magnetoelectric coupling

Multiferroic materials have numerous applications in the field of low power consuming
devices such as spintronics, storage media, microwave devices, miniature antennas, etc.!”
It exhibits the combined nature of multiple (charge and spin) order parameters of ferroelec-
tricity, ferromagnetism, and ferroelasticity.” The term “multiferroic” was first introduced in
1994 by H. Schmid, to describe crystals with multiple ferroic order parameters simulta-
nfeously.l The distinct ferroic behaviors are (1) ferroelectric—a spontaneous electric polariza-
tion by an applied electric field (2) ferromagnetic—a spontaneous magnetization by an
applied magnetic field (3) ferroelastic—a spontaneous deformation by an applied stress.
The relation between ferroelectric, ferromagnetic, and multiferroic is depicted in Fig. 3.1.

s of Mudafsscaond Nenomaersids
eg/10. 101 6/BY78-0.1 282058 7-0.00001-1 43 © 2023 Ekevier Ine. All ights reserved

g



44 3. Rare earth doped BiFeQy multiferroic system: optical, dickectric, and magnetoclectric coupling properties and applications
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FIGURE 3.1 Schematic diagram: The relationship between magnetically polarizable, ferromagnetic, electrically
polarizable, ferroelectric, multiferroic, and magnetoelectric materials.

The simultaneous combination of two different phenomena ferroelectricity and ferroma-
gentism are called multiferroicity. This multiferroic effect was first introduced in antiferro-
magnetic Cr,O5 oxides by Dzyaloshinskii et al. in 1959." Because of the difficulty in
bringing ferroelectricity and magnetism together, there are very few materials that exhibit
multiferroic characteristics. Thus, researches are underway to dev yelop multiferroic materials
with high coupling coefficient at moderate temperature for device applications. The multifer-
roic materials are designed using different methods includes doping of rare earth elements in
the appropriate host matrix. The magnetoelectric coupling between electric and magnetic or-
der parameters is explained by theoretical approach on the basis of Landau theory,

Biar b, + YEHEE, + . 3.1)

1
~F(E.H) = Ze0 e;EE; + zp‘, wyHH, + ayEH; + = 5

where F(E,H) represents the free energy in terms of the applied electric field (E) and the
magnetic field (H), the magnetoelectric (ME) coupling coefficients are represented by a;;,

8 and v, respectively.
o = aP/dH 32

where dP/51; represents the linear magneto electric coupling coefficient, which have
maximum value for BiFeO; (BFO) multiferroic system.””

1.2 BiFeO3;—multiferroic system

Bismuth ferrite-BiFeO, (abbreviation - BFO) is an inorganic eco-friendly, single phase,
type-1 category multiferroic material, which possess both ferroelectric and magnetic proper-
ties at room l‘emperat‘ure.H It possesses ferroelectric transition temperature at T, ~1103 K and
ferromagnetic transition temperature (G-type anti ferromagnetism) Ty~ 643 K" BFO
possess thombohedrally distorted perovskite (ABO3) structure of R3¢ phase group with lat-
tice parametersa = b = 55775 A, ¢ = 13.8616 A, « = § = 90degree and y = 120degree
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Poem # |
It's Magic

Sitting alone and

staring enough to the roof above
makes one understand largely
the stories of one's life.

The stories, weaved by a few
Stories, fabricated by many



Stories scripted so wise and your
character goes less prominent
and made selfless, with a
magical spell they embrace you.

You lose your senses,

to know the pain

You lose your wisdom,

And their wisdom functions

And you spread a smile, a glance
as if you are the light of their life.

But that too 1s a magic

A magic, that makes you spellbound
And the show is celebrated

by many, proving your insignificance
And they run the show,

with all success in all pomp and glory.

At last, they squeeze you out

Swearing back a life in heaven

And you embrace back the stories

like a myth, the stories weaved for you
And you move from your position

and no more roof tops to stare at

And you walk in pride, as it's not they
who fooled me with their fabricated knits
But, simply as I chose to give

a kiss and move, and it's Magic!
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II'I cross-examine mysell -
Is there something that intoxicates me?
With no hesitation, I announce
- it's motherhood, motherhood.

The earliest complacence my mother set forth-
The steady three decades and seven years with no reform,
Well for my kinfolk too;
She posits the perfect exemplar.
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Abstract Water pollution is a major problem affecting people across the world.
Heavy metals and dyes are major pollutants that pose potential threat to the health
of humans and ecosystems. Several treatment technologies are available to reduce
the pollutant concentration in water and wastewater. However, many of these pro-
cesses are costly, have high energy requirements and generate toxic sludge and
wastes that need to be carefully disposed. Addressing these problems invoked the
need for green methods that are more efficient, cost effective and environment
friendly for water purification. Adsorption is regarded as a green, clean and versatile
method for wastewater treatment. Cellulose based materials attained considerable
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