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Abstract: Synthesis of Cobalt-Erbium nano-ferrites with formulation CoErxFe,.xO4 (x =0, 0.005, 0.010,
0.015, 0.020, 0.025, and 0.030) using technique of citrate-gel auto-combustion was done.
Characterization of prepared powders was done using XRD, EDAX, FESEM, TEM, AFM, and FTIR
spectroscopy, VSM: magnetic properties, respectively. XRD Rietveld Analysis, SEM, TEM, and
EDAX analysis studied spectral, structural, and magnetic properties. XRD pattern of CEF nanoparticles
confirms single-phase cubic spinal structure. The structural variables are given by lattice constant (a),
lattice volume (v), the average crystallite size (D) and X-ray density (dx), bulk density (d), porosity
(p), percentage of pore space (P%), surface area (s), strain(¢), dislocation density (&§), along with ionic
radii, bond length and hoping length were calculated. SEM and TEM results reveal the homogeneous
nature of particles accompanied by clusters having no impurity pickup. TEM analysis gives information
about the particle size of nanocrystalline ferrite, while EDAX analysis confirms elemental composition.
The emergence of two arch-shaped frequency bands (v,and v,) that represent vibrations at the
tetrahedral site (A) and octahedral site(B) was indicated by spectra of FTIR. The XRD Rietveld analysis
confirms crystallite size lying between 20.84 nm-14.40 nm, while SEM analysis indicates the formation
of agglomerates and TEM analysis indicates particle size ranging between 24nm-16 nm. The XRD
Rietveld analysis confirms crystallite size lying between 20.84nm-14.40nm, while SEM analysis
indicates the formation of agglomerates and TEM analysis indicates particle size ranging between 24
nm - 16 nm. The magnetization measurements indicated that increasing Er®* content in cobalt ferrites
decreases magnetization from 60emu/g to 42emu/g while coercivity decreases (18990) as compared to
CoFe;04(18998) in cobalt ferrites with doping. The present study investigates the effect of different
compositions of Er** replaced for Fe on structural and magnetic properties of cobalt ferrites.
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1. Introduction

Vigorous research has been accomplished on the fundamental, technological, and
potential applications of nano-ferrites. Nanomaterials of spinel ferrite have several applications
in technology that include magnetic diagnostics and drug delivery [1,2], potential applications
that include high-density magnetic information storage devices [3], ferrofluid technology [4],
magnetocaloric refrigeration [5], magnetic recording media, magnetostriction [6], magnetic
sensors, microwave devices [7], electrical generators, etc. Ferrites are also used for catalysts
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and electronic devices. Ferrites exhibit various magnetic and electric properties such as low
electrical conductivity, dielectric loss, magnetic loss, relative loss factor, moderate dielectric
constant, high initial permeability, and saturation magnetization. Low eddy current and high
resistivity make ferrites a better choice than metals [8]. Doping and thermal changes during
synthesis and processing of cobalt-ferrites alter the distribution of metal ions influencing their
structure and magnetic properties [9]. As per the literature net magnetic moment of lanthanide
series elements/ions depend on the f-orbital electron number in which Er*? is of small size (89
pm) with a large magnetic moment (7 uB) [10]. If doped, magnetic anisotropy of cobalt ferrites
is influenced by the existence of Er*® because of strength in spin-orbit coupling. The present
work reports the preparation and characterization of erbium-doped cobalt ferrites combined by
Citrate-gel auto combustion. The studies of CoErxFe2-xO4 with cobalt content x values ranging
between 0.000 to 0.030 with a step increase of x=0.005 were reported. The crystallite size
decreases with increasing erbium content indicates an increase in the particle's surface area,
making it a good adsorbent [11]. These adsorbents can be used in gas sensors and wastewater
treatment, etc.

2. Materials and Methods

Synthesis of Cobalt-Erbium nano-ferrites with citrate-gel auto combustion technique
was taken up with starting materials Cobalt Nitrate (Co(NOs)2-6H20), Ferric nitrate
(Fe(NO3)3-9H20), Erbium Nitrate (Er(NO3).6H20), Citric Acid (CsHsO7-H20) and Ammonia
solution (NHs) of 99.9% purity after weighing as per stoichiometric ratio. Later liquefication
of metal nitrates in distilled water was done, and the mixture was stirred at 300 rpm for one

hour to obtain a clear homogeneous solution.
Citric Acid

Cobalt nitrate Erbium Nitrate
solution Solution

Homogenous Solution

=

Mixing and continues stirring

[ PH Value maintained at 7 by Ammonia addition

‘ Continues stirring
[ Nitrate-Citrate Solution ]
‘ Stirring and Heating at 100°
[ Viscous Gel ]
[ Dry Gel ] Heating up to 200° C
[ Auto Combustion J
[ Grinding ]

[ calcination at 400° ¢ for 4 hours

[ Cobalt Erbium Ferrites Powder ]

Figure 1. Flow chart of synthesis of Cobalt-Erbium Ferrite.

Next citric acid in aqueous form and metal nitrate was maintained in a 1:3 ratio for all
samples. Now, ammonia solution was added drop by drop to maintain pH = 7. This solution on
https://biointerfaceresearch.com/ 911



https://doi.org/10.33263/BRIAC121.910928
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC121.910928

stirring was heated at 100 °C temperature for ten to twelve hours to form a viscous gel. The
water contained in the mixture gets evaporated slowly to form dry gel generating internal
combustion to form a black-colored desired sample. This sample was manually ground and
subjected to calcination at 500 °C in the furnace for 4 hours. Later these samples in pellet or
powder form undergo characterizations with XRD (Bruker, Cu Ka, A=0.15406 nm), TEM
(Model JEOL 2100F, Japan), and Field-emission Scanning Electron Microscope (JEOL JSM-
7600 F, Japan) with Energy Dispersive X-ray Analyzer (EDAX) for structural, Atomic Force
Microscopy (AFM:VEECO, USA), VSM: magnetic properties respectively (Figure 1).

3. Results and Discussion

3.1. Analysis of XRD.

Figure 2(a-g) displays the XRD Rietveld Refinements corresponding to samples of
CoErxFe2-xO4 with values of x between 0.00 to 0.030 (x = incremented by 0.005). In Figure 4
it is observed that the peaks analogous to diffraction planes [111], [320], [311], [400], [511]
and [440] match with usual data (JCPDS card no. 022-1086) confirming FCC cubic spinel
structure for samples investigated [12-14]. Figure 4 shows a shift in XRD peaks towards the
left-hand side with increasing concentration of Er*3 ions in CoFe20s particles in concurrence
with 'a' value. Table 1. lists different parameters of XRD calculated for CoErxFe2xO4
nanoparticles. The values of 'a’ were calculated from the below equation-1 [15].

a=d *(h2+k2+|2)1/2 (1)

where cell constant is given by 'a', inter planer spacing calculated from Bragg's equation
(2 dsin & = nA) is denoted by 'd’, and miller indices are done by 'h,k,lI".

Table 1. The calculated values of Ionic Radii’s are listed below.

Compositions Lattice constant lonic radii (A)
A ra rs
CoFe 04 8.361 0.5760 0.6733
CoEro.005F€1.99504 8.367 0.5773 0.6748
CoEro.010F€1.99004 8.373 0.5787 0.6762
CoEro.015F€1.98504 8.379 0.5801 0.6777
CoEro.020Fe1.98004 8.386 0.5817 0.6794
CoEro.025Fe1.97504 8.392 0.5831 0.6808
CoEro.030Fe1.97004 8.398 0.5845 0.6823
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Figure 2(a-g). XRD Rietveld refinement patterns of CoErxFe,xO4 ferrites with x = 0.00-0.030.
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Figure 3. XRD patterns of the “CoErxFe»x04” nano ferrites (0.00 < x < 0.030).
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Figure 4. The shifting of peaks from XRD patterns of CoEryFe;xO4 (0.00 < x < 0.030) nano ferrites.
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It was reported that low concentration RE (rare earth) doping in spinel ferrite
experiences phase separation and grain boundary diffusion, giving rise to precipitation of
additional crystalline phases like hematite(a-Fe203), metal monoxides, and orthoferrites
(REFeO3) [16-18]. Hence, in rare-earth-doped ferrites, Er*® doped CFO having no impurity
phase (x<0.010) is exceptional and is because of auto-combustion. The induced effect due to
the substitution of erbium on the structure reflects two main observations: the decrease in
crystal size and the increase in lattice constant on a small scale. The lattice value constant
slightly enhanced between 8.361 A to 8.398 A for x= 0.000 to x = 0.030 as per the Law of
Vegard [19]. Scherrer formula [20] was used to calculate the crystallite size given by:

0.9*xA
BCOSO

()

where "\' = wavelength of x-ray,' B’ = peak width at half maximum height, and constant ‘K’ =
0.9. The data relating to intense peak (311) was used in estimating size (L). The results
indicated a reduction in crystallite size from 20.84nm to 14.40nm (for x=0.0 to 0.030). Further,
the intense high peak (311) shifts towards the lower angle [21] with increasing values of x
(Figure 4). Table 1 lists the physical parameters obtained from XRD, which indicated an
increase in lattice constant [22] of Co-Fe-Er spinel lattice, which might be due to the
replacement of 8 small Co?* and Fe* ions with big Er®* ions. Huge differences in radii of these
three ions induce strain during the formation of lattice and diffusion processes. The requirement
of more energy in absorbing RE®* ions with more radii while replacing Fe** to form RE-O bond
decreases crystallization energy and leads to small size particles. Earlier literature reported
similar results on RE-ion substituted cobalt ferrite [23-26]. From Table 2. EDAX confirmed
the effect of incorporating Er®* into CFO and a stoichiometric amount of O, Fe, Co, and Er
atoms. Therefore, XRD results are liable for expansion of unit cell due to larger Er®* ion doping
in CFO. Calculation of X-ray density (Dx) [27] was done using:

_ 8xM
Na3

dx

®)
Here

‘M’ = compositionmolecular weight

'N’= Avogadro's number

'a’= lattice constant.

Table 2. The atomic weight of CoErxFe,.O4 ferrite nanoparticles are measured from EDAX.

Composition (x) Co Fe Er ®)
X =0.000 12.40 34.43 0.000 26.86
X =0.005 12.37 34.27 0.094 26.80
X =0.010 12.34 34.10 0.18 26.74
X =0.015 12.31 33.93 0.28 26.67
X =0.020 12.28 33.77 0.37 26.61
X =0.025 12.25 33.60 0.46 26.55
X =0.030 12.23 33.44 0.55 26.49

X-ray density value is found to increase from 5.3344gm/cm3 to 5.3392gm/cm3 (x =
0.00 to x =0.030) with increasing Er®* content. The bulk density increased from 3.2113 to
3.2141(x=0.00 to x=0.030). At the same time, CoFe2>—xErxO4 ceramics having more Er content
(x=0.015) exhibited lower ErFeOs orthoferrite amount along with primary spinel ferrite phase.
Cobalt ferrite in inverse spinel form has a tetrahedral site occupied by half of Fe*3. In contrast,
the remaining half of Fe*3and Co2 occupy octahedral sites [29]. Any change in site occupation
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of Fe*3 and Co2 might be because of preparation technique and affect cell constant. Bulk
densities were found from the relation [29]:

m

d= (4)

- nr2h

where pellets mass, thickness and radius are given by 'm','h'and 'r'. Bulk densities exhibit
inhomogeneous behavior due to pallets' variable thickness and mass. The values of porosity in
percentage were found using the relation.

P %= (1 —d/dx) x 100 (5)

Here d and dxare apparent and experimental densities. The surface area was calculated
by using the equation [20]:

_ 6000

5= Dxd (6)

Here, S = area of surface, D= crystallite size, d = bulk density
The strain was calculated by using the following equation [30].

Strain (¢) = 1/D"2 (7)

Here, d is the inter planer spacing. Dislocation density calculated by using the following
equation:
Dislocation density (§) = 15¢/aD (8)

Here ¢ is the strain, a is lattice constant, D is crystallite size. The packing factor is
calculated by using the following equation

Lnm
P=—- (9)

Here L is crystallite size, d is inter planner spacing.

Cationic distributions that depend on the synthesis, total energy, and thermal history
help understand spinel ferrites' behavior (electric and magnetic). Cationic calculations play an
important role in this regard. Average ionic radii [31] of A, B sites were calculated from
Stanley's equations:

ra=[u—1/4]a x (3)°° - Ro (10)
rs = (5/8 —u) a—Ro (11)

Here Ro is the radius of the oxygen ion(1.35 A°), 'u' is the oxygen parameter whose
ideal value is 0.375 A%nd experimental value is 0.383 A°.
Bonding lengths and hopping lengths are calculated by using the following formulas

[32]:
Bonding lengths: Hoping lengths:
daes = 2% (3)°5(12) La=2 xa (17)
ds_p=2x (2)*5a (13) Le= x a (18)

dp-p = g x (11)%° (14)
da—oa =@ (u - i) +(3)%° (15)
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ds-os = a{2(u-3/8)2+(5/8-u)?}*5 (16)

Table 3. The calculated values of Hoping lengths are listed below.

Compositions Lattice constant Hoping lengths (A)
A La Ls

CoFe204 8.361 3.6203 2.9556
CoEro.005F€1.99504 8.367 3.6229 2.9577
CoEro.010F€1.99004 8.373 3.6255 2.9598
CoEro.015F€1.98504 8.379 3.6281 2.9619
CoEro.020Fe1.98004 8.386 3.6311 2.9644
CoEro.025F€1.97504 8.392 3.6337 2.9665
CoEro.030F€1.97004 8.398 3.6363 2.9686

The difference in 'u' value compared to its ideal value on substituting Er*® ions has been
explained with ra values. Increasing ra values increase 'u’, showing distortion in CoFe204 spinel
lattice. Calculated ionic radii values for B-sites are slightly higher than A-site because more
Er*3 ions reside at B-site than A-site. Hopping length is the gap between magnetic ions at A, B
sites. The hopping lengths between magnetic ions at A, B sites are denoted by La and Ls whose
values reduce with the addition of Er*® content and are consistent with variation in lattice
constant on adding Er*® ions [33]. The determined values from the formulas (10,11,17,18) are
listed in Tables 1, 3, 4.

Table 4. Structural parameters of the prepared Co-Er nano ferrite sample.

Compositions Cell Cell Crystalli | X-ray Bulk Porosity | Surface | Pack | Str Dis

constant | Volume te Size | density density(d) | P (%) area(s) ing ain loca

A) V (A% (nm) (dx) (gem™3) (m%#gm) | facto | (&)x | tion

(gem™) r(P) | 10° | dens
ity

(8)x

10*
CoFe204 8.361 584.48 20.84 5.3344 3.2113 39.8001 89.61 8.26 23 1.9
CoEro.005 Fe 199504 8.367 585.74 20.43 5.3356 3.2120 39.8005 91.39 8.09 23 | 20
CoEroo10 Fe 1.990 O4 8.373 587.00 19.19 5.3367 3.2127 39.7998 97.34 7.60 2.7 25
COE o0.015 Fe 1985 O4 8.379 588.26 19.02 5.3379 3.2134 39.8003 98.18 7.52 2.7 25
CoEro.020 Fe 198004 8.386 589.74 17.73 5.3370 3.2129 39.7995 105.38 701 |31 3.2
CoEro.025 Fe 197504 8.392 591.01 15.56 5.3381 3.2135 39.8006 119.99 6.14 | 41 47
CoEro.030 Fe 167004 8.398 592.28 14.40 5.3392 3.2141 39.8018 132.58 568 | 48 |59

By using the relations below, structural parameters associated with A, B sites are
calculated. Magnetic interactions and their strengths among AA, BB and AB sites mainly
depend on bond length and bond angle between positive and negative ions. An increase in bond
angle increases magnetic interaction strength, while it reduces with increasing bond length as
the strength has a direct relation with bond angle and inverse relation with bond length. Table
5 summarizes different bond lengths of A, B sites (da-a, ds-8, da-s, da-oa, ds-os) which depict
an increase in bond lengths of tetrahedral and octahedral sites, which is due to Er*3 ion doping

in spinel lattice, which might be due to larger Er*® ions replacing smaller Fe* ions.
Table 5. The calculated values of bonding lengths are listed below.

Composition da-a de-s da-s da-oa de-oB
CoFe204 3.620 2.956 3.466 1.926 2.025
CoEro.00sFe1.99504 3.622 2.958 3.468 1.927 2.026
CoEro.010Fe1.99004 3.625 2.960 3.471 1.928 2.027
CoEro.01sFe1.98504 3.628 2.962 3.473 1.930 2.029
CoEro.020Fe1.98004 3.631 2.964 3.476 1.931 2.031
CoEro.ozsFe1.97504 3.633 2.966 3.479 1.933 2.032
CoEro.030Fe1.97004 3.636 2.969 3.481 1.934 2.033
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3.2. EDAX analysis.

Figure 5(a-g) displays the EDAX spectrums that analyzed elemental and atomic
percentages of CoFe2xErxOs4 nanoparticles for x = 0.0, 0.005, 0.010, 0.015, 0.020, 0.025 and
0.030. It confirmed the presence of Co, O, Fe and Er. Er peak confirms Erbium substitution in
the Fe2-x lattice.

1 2 3 2
Full Scate 115 cts Cursor: 0.000 keV] Full Scale 73 cts Cursor: 0.000

0.030
1 2 3 <1 S 5 7 8 9 10
Full Scale 2843 cts Cursor: 0.000 ke

Figure 5(a-g). EDAX micrographs of CoEryFe,xO4 nano ferrites (x in increasing order from 0 to 0.030
respectively from (a)-(g)).

3.3. Field emission scanning electron microscopy (FE-SEM).

Figure 6 shows studies on the surface morphology of ferrite powders with the help of
FE-SEM. The nature of ferrite particles in the samples is uniform, indicating a fine form of
agglomeration and grain growth. Agglomerate formation specifies the strong magnetic nature
of erbium-doped ferrites. These studies also confirm microstructure changes on doping Er*3.

A close look at these microstructures indicates an improvement in microstructure and
spherical-shaped grains in all samples. Apart from this, Erbium doping increases porosity
percentage in a small range between 39.8001 to 39.8018, illustrating that individual grains and
grain boundaries are separated.

3.4. AFM analysis.

Atomic force microscopy (AFM) was used to characterize the surface roughness of
CoErxFe2xOsnano ferrite samples of the synthesized nanoparticles. The three-dimensional
arrangement of the spherical nanoparticles and their diameter is shown in Figure 7.

https://biointerfaceresearch.com/ 918
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S0 ,000 S.0KV SEX SEM

Figure 6. FE-SEM images of CoEryFe,«O4 ferrites samples.

The surface roughness increased when the coercivity increases, but in this work, all the
other parameters, such as crystallite size, saturation magnetization, remanent magnetization,
coercivity, decreased with the increase of Er dopant from x=0.00 to 0.030 in the cobalt ferrite.
Given the above, the largest surface roughness is observed for x=0.0 sample, and the lowest
surface roughness is obtained for Er (x=0.030) doped samples. This indicates that the surface
activity of x=0.0 ferrite has higher values compared to the range x=0.005 - 0.030 ferrite
samples. The largest surface roughness is observed for x=0.0 sample; that is, it behaves like
hard ferrite, and the lowest surface roughness is obtained for Er (x=0.030) doped samples. It
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behaves like soft ferrite; thus, the ferrite is transformed from hard ferrite to soft ferrite due to
the doping of Er content.

x=0.005
x=0.000

e x=0.015

x=0.030

Figure 7. AFM micrographs of CoFe,0O4 (x = 0.000) and CoErxFe,«O4 (x = 0.005 to 0.030).
3.5. TEM Analysis.

The phase structure and morphology studies for the investigating synthesized samples
were taken up through TEM analysis. Figure 8. shows the TEM images and their respective
SAED images with particle size distribution chart of the samples got x=0.0, 0.005, 0.01, 0.015,
0.02, 0.025 and 0.03 respectively. TEM and SAED images demonstrated spherical shape and
less thickness for most nanoparticles and few elongated particles. Observation of TEM images
confirms well-distanced particles for lower concentrations of Er+3 ions and an increase in Er*3
ion substitution leads to agglomeration of particles because of magnetic nanoparticle
interaction, which makes the particles be stacked on top of each other. The particle size
measured from TEM images is in the range 16 - 24 nm.
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3.6. FTIR Analysis.

FTIR (Fourier-Transform Infrared) spectroscopy is a very useful technique that
estimates cationic redistribution at A and B sites of spinel ferrites. FTIR spectra for samples
between 400 cm™ and 1000 cm™ was displayed by Figure 11 in which two important broad
bands (1 in the range 500cm™ —600 cm™ and 2 in the range 400cm™*-500 cm™) were observed.
As per Waldron's suggestion, intrinsic vibrations of M—O complexes were shown by band 1 at
site A site and band 2 at site B. This difference between 1 and 2 was because of variation in
the bond length of Fe*3-O2 at A, B sites [32, 34].
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Particle size nm
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Figure 8(a-g). TEM, SAED, and histogram of particle size distribution micrographs (arranged
horizontally) of CoEryFe,.«O4 ferrites with x = 0.000 to 0.030 respectively from (a) - (g).

Observations indicate a shift in octahedral (2) and tetrahedral (1) bands toward higher
frequency with the addition of Er*® ions due to bond length variation, expansion in A, B sites,
and cation migration between two sites. The residency of Er*® ions at the B-site was also
confirmed. FT-IR spectra of CoFe20s4 (x=0.00) and CoErxFe2xOs (x=0.005 to 0.030)
nanoparticles are shown in Figure 11. The values of force constant at tetrahedral and octahedral
(Ft & Fo) sites were determined using the formulas below [32], whose values are listed in Table
6.

Ft = 4m2c?viu (22)
Fo = 4m2c?v3u (23)

where vibrational frequencies of A, B sites are denoted by v1, vz, reduced mass of Fe** and O*
ions is u, speed of light = c.

Table 6. FTIR modes (v1 and v2) and force constants (Fr and F,) for Erbium substituted CoErxFe;xO4
nanoparticles.

Compositions Wave number Wave number Fr x 105 Fo x 105
Vi(em™) Va(em™) (dynes/cm) (dynes/cm)

CoFe204 548 488 2.18 1.72
CoEro.005F€1.99504 550 490 2.20 1.74
CoEro.010F€1.99004 556 492 2.25 1.76
CoEro.015F€1.98504 564 494 2.31 1.77
CoEro.020F€1.98004 570 495 2.36 1.78
CoEro.025F€1.97504 572 496 2.38 1.79
CoEro.030Fe1.97004 570 498 2.36 1.80
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Figure 9. A variation of transmittance with wave number CoErsFe,.xO4 (x=0.00-0.030) nano ferrites.

3.7. Magnetic properties analysis.

M-H curves (Hysteresis Loops) are plots drawn between magnetization (M) and applied
field (H), which helps us in analyzing magnetic response and magnetic parameters [35, 36] of
ferrites under investigation. The M-H loops of all nanoparticles, CoErxFe2xO4 (x=0.00-0.030),
are heated at 500 °C are displayed in Figure 10. The measured magnetic parameters are
displayed in Table 7. The Magnetic parameters such as Saturation magnetization (Ms),
Remanent magnetization (Mr), Coercivity (Hc) and Squareness ratio (R=Mr /Ms), Magnetic
moment (ns) were altered by doping of Er*3 content in the increasing order (x=0.00 to 0.030).
Generally, dopant type, concentration, and morphology affect the magnetic properties of soft
ferrite samples. Simultaneously, variation in magnetic parameters was seen due to
microstructure noting higher saturation magnetization with larger grain size [37, 38]. Table 7
indicate high saturation magnetization [39] and coercivity due to large grain size in CoFe204
ferrites as depicted by the hysteresis loop.

Ms value decreased from 60 emu/g to 44emu/g with a decrease in grain size due to
increased Er content in cobalt ferrite, which may be due to increased erbium cations in the
ferrite lattice site [40]. Particularly, high magnetic moment(5 uB) ferrite cations were replaced
by erbium cations of the magnetic moment 7 uB [10] at B sites. Besides, increasing erbium
cations may decrease the ratio of ferric and ferrous ions at A, B sites, thereby decreasing the
magnetic exchange interaction between two sites [41], reducing the Ms value. It was also
observed that an increase of erbium content reduced the value of Hc from 18998 to 18990 Oe
initiating the fact that magnetic moment can be changed with a low coercive field.

Hence coercivity variation is in agreement with variation in the anisotropy constant.
Henceforth, the value of anisotropy constant 'K'decreases further, which decreases the energy
of the magnetic domain wall. Remanent magnetization values decreased from 31 emu/g to 22
emu/g [42] system supporting soft magnetic nature due to low coercivity in erbium-doped
cobalt ferrites [40].
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Figure 10. Magnetic hysteresis (M-H loops) curves of CoErxFe»xO4 (x=0.00-0.030) nano ferrites.

Table 7. The magnetic parameters for Erbium substituted CoFe,O4 nanoparticles.

Lattice Crystallite | Hc(c) Ms Mr R= Magnetic
Composition Parameter Size (emu/g) | (emu/g) N K (erg/Qe) moment
Mr/Ms

(a) (nm) (uB/f.u)
CoFe204 8.361 20.84 2998 | 60.6739 | 31.19 0.5141 | 188,479.783 2.5488
CoEro.005F€1.99504 8.392 20.43 2997 | 58.7486 | 31.07 0.5289 | 183,405.941 2.4738
CoEro.010F€1.99004 8.407 19.19 2996 | 56.9560 | 28.86 0.5067 | 177,750.433 2.4040
CoEro.015F€1.98504 8.367 19.02 2995 | 55.4902 27.66 0.5136 | 173,117.863 2.2784
CoEro.020Fe1.98004 8.367 17.73 2993 | 53.1555 26.83 0.5208 | 165,723.033 2.1853
CoEro.025F€1.97504 8.386 15.56 2991 | 49.5845 | 25.15 0.5240 | 154,486.957 2.0400
CoEro.030Fe1.97004 8.398 14.4 2989 | 44.8444 | 22.88 0.5275 | 139,625.157 1.8480
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Table 7 indicates a decrease in the magnetic moment with increased erbium content
which may be assigned to a more probable chance of erbium cations to occupy B sites. As per
the revealed data, increasing erbium content decreases magnetization converting the sample
into soft magnetic material. It is understood that an increase in erbium content decreases the
value of 'K'. M-H loops indicated that soft magnetic Co-Er nano ferrites could be easily
magnetized and demagnetized. Squareness ratio (R=Mr /Ms) was estimated from

_ M

R =
Mg

(19)
where M is remanent magnetization, Msis the saturation magnetization.
The magnetic moment per unit (nB) was calculated from [34, 43]:

My XM
np = —=2—
B 5585

(20)

where Mo and Ms are samples molecular weight and saturation magnetization
K(magnetic anisotropic constant) is related to the Ms (saturation magnetization) and
Hc(magnetic coercivity) [28] by the following relation:

MsxHc
k =
0-96

(21)

4. Conclusion

Synthesis and characterization of erbium substituted cobalt ferrites and conglomeration
were done using the citrate-gel auto combustion method. A significant induced effect of erbium
was observed on the crystal structure, morphology, and magnetic properties of cobalt ferrite
material. Copy of secondary ErFeOs and primary spinel cubic structure occurs only for Er-
content, x = 0.015, 0.020, and regains its primary spinal structure for Er content x = 0.025,
0.030 while the crystallite size decreased from 20.84 nm-14.40 nm. According to the SEM
analysis, the growth in grain and agglomeration form were found for all samples. Observations
indicated strong dependence of magnetic properties on Erbium substitution, and coercivity
varies per anisotropy constant. The presence of magnetic dipole could be useful for considering
the erbium substituted cobalt ferrites in electromagnetic applications. The studies of CoErxFe2-
xO4 for compositions with cobalt content x = 0.0 to 0.030 with increasing order of x = 0.005
indicated decreasing crystallite size with increasing erbium content and increase in surface area
of the particle makes it a promising adsorbent. Hence these adsorbents can be used in gas
sensors and wastewater treatment.
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