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- Abstract

Rare earth Hoal*-subsumted CoNi ferntes havmg a chemlcal formula Coy ¢Ni, 4Fe2thox04 (0.0, 0.025, 0.05, 0.075, and 0.1)
were prepared vig sol-gel route. The phase formation of these samples was confirmed by the thermogravimetric analysis with

- differential thermal analysis and X~ray powdc1 diffraction techniques. Rictveld refinement confirms the cubie spinel structure of
_the prepared samples having space group Fd3—m with presence of secondary phase of a-Fe,Oj. The lattice parameter is

increased from8.412 40 8.582 A with Ho* ion concentration in cobalt-nickel forrite from x =0 to x=0.1. The distribution of -
cations has been studied with the help of Xeray diffraction data and it is found that Ho®* ions preferred to ocoupy the octahedral

- [B] site. The other structural parameters like X-ray density, butk density, hopping length, and alfied parameter are increased with

-the compos;twn of Ho®*

jons in the Co-Ni ferrite. The morphology of the samples was observed by transmission elu,tron

microscopy and scanning electron mwroscopy showed the nanoestructured formation.

Keywords Ho-_substimted Co—Ni_ferri’te - Rictveld refinement - Cation distribution - Morphology - Sol-gel method

‘T'introduction

:

Cobaltmhicke! ‘(Co—Ni) forrite is a ferrimagnetic Material that -
_"presents the highest magnetoctystalline anisotropy and mag-
-netostriction coefficient among ferrites. It has been regarded
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 as one of the competitive candidates for different uses in high-

density recording media, microwave devices, high sensitivity
sensors, and biomedical industries { {-4]. The general formula
for spinel ferrite is (M*H)[Fe,** 104", in which M** is divalent
and Fe" is trivalent cations, It has face-ventered cubic struc-

ture and having space group Fd-3m. The lattice has two inter-

stitial sifes; ietrahedral (A) and octahedral [B] which are
formed by close-packed face-centered cubic array of anions.
In this, half of Fe** ions are ocoupied at tetrahedral (A) site
and the remaining half with M** tons are oecupied at octahe-
dral [B] site [5, 6]. The structural properties of ferrites can be
modified by doping rave earth (RE) mefal ions which have
attracted the attention of researchers [7). Since, the magnetic
behavior of the farromagnetic oxides is largely governed by
the Fe—Fe interaction (the spin coupling of the 3d electrons)
and by introducing rare earth (RE) metal fons in the ferrite
lattice, the RE-Fe interactions may start to have an apprecia-
ble effect (3d-4f coupling), which can lead to altering the

~ magnetization and Curie temperature. However, the RE-RE

interactions arg very weak since their results from the indirect
mechanism 4£-5d-5d-4f [81. There are a fow reports available -
that have mentioned the synthesis of rare garth (RES*)
substituted nanocrystalline spinel ferrites i in single-phase form
using different chomical routes despite having a big difference -

" in ionic radius of RE** and Fe** ions [9-14].

4) uSpri.nger—r
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Fig. T a Thermo Gravimetric (TGA) and Differcntial Scanning
Calerimetric (DSC) decomposition pattern of Coy ¢Niy 4Fes  Hoo Q4
(x=0.000, 0.025 and 0.05), b Thermo gravimetric (TGA) and

Nanosize particles of ferrites can be prepared using various

synthesis techniques, namely, citrate precursor [15], hydro-

thermal [16], co-precipitation [17), microemulsion [ 18], and

sol-gel method [19]. Recently, among these methods, the sol-

gel aufo-combustion method has received much interest, be-
cause of its many advantages for preparing ferrite materials. 1t
isa simple process with excellent control of the stoichiometry,
and a homogeneous material with small grain size. Ferrite can
‘be formed over a large area via the sol-gel method at a rela-
tively low processing temperature £20, 217.

In this work, the Ho-substituted Co~Ni ferritos hav-

ing chemical composition CoggNip4Fe;_Ho,04 (x=0.0, _

0.025, 0.05, 6.075, and 0.1) have been fabricated and
investigated. The present series was synthesized via the
sol-gel auto combustion technique. The prepared sam-
ples were characterized by various characterization tech-
" niques. Thermo-gravity and differential thermal analysis
(TG-DTA), X-ray diffraction (XRD), X-ray electeon -dif-
- fraction analysis (EDAX), transmission clectron micros-
copy (TEM), and scanning clectron microscopy (SEM)
were carried out to study the effect of Ho™ ion substi-
tution on the properties of Co-Ni ferrite.

@ Springer

differential scaoning calorimetric (DSC) decomposition pattern of °

COQ_ﬁNi0.4F€2MxHOx04 (r=0.075 and DU

2 Experimental

2.1 Synthesis

ing. chemical composition Cog ¢Nig 4Fes—Ho Qs (xr=10.0,
6.025, 0.05, 0.075 and 0.1) was synthesized by sol-gel
route. The pure (99%) AR grade nitrates (ferric nitrate
(Fe(NO3)s9H,0), cobalt nitrate (Co(NO;),-3H;0), nick-
el nitrate (Ni(NO3)z-611,0), holmium nitrate (Ho(NOs);*
5H,0), and citric acid (CeH507-Ha0)) were used to

prepare precursor solutions of the samples. The citric

acid and metal nitrates were mixed and dissolved to-

gether in a required amount of distilled water to get o

clear solution. Ammonia solution was added dropwise
to adjust the pH~7. This precursor mixture was heated
at 90 °C on a hot plate in order to transform into a gel.
. This gel was heated at around 250 °C to the jnitiation
of the gel and converted into fluffy loose powder.
According to TG/DTA, all the as-tombusted sample
powders were annealed at 600 °C for 4 h to get better
crystallinity. ' :

. s
}
o

The nanocrystalline Ho™-substituted Co-Ni ferrite hav- A '
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2.2 Characterization Techniques

The as-combusted powder was characterized via TGA/
DsC at 4 rate of 10 °C/min in nitrogen (N,) atmosphere

~to decide the ¢rystatlization 1emperature by using
_Shimadzu SDT Q600 thermal analyzer. The XRD patterns
- of the samples have been recorded with the help of the

ngaku MiniFlex X-ray diffractometer using Cu-K, (\=
1.5405 A) radiation. The moiphological study casried out

© by scanning electron micrograph (SEM) and was recorded

using the EDAX Oxford EDAX JEOL~ISM~5600 N.
Transmission electron microscope (TEM) measurements -

“were recorded on Philips (Model CM 200).

3 Results and Discussion

© 3.1 Thermal Decomposition

Thermogravimetric analysis and differential scanning ca-
lorimetric studies of nanoferro spinel with chemical com-

- position Cog gNig4Fer—Ho, 05 (x=0.000 to 0.100), from

10 to 1000 °C, as shown in Fig. 1{a) and (b). There are

_three major total mass loss observed in the graph. In the

first step, a mass Joss of 8.47 % is observed around 110
°C which is supported by the DSC curve. The DSC curve
shows an endothermic peak indicating the loss of hydrat-

wed water ‘mblecules resent at the surface of fervite parti-
cles.. The second step shows a mass Toss of 18.74% and

the corresponding endothermic psak at 227 °C indicated
in the DSC curve. die to the conversion of metal hydrox-
ides to metal oxides, i.e., removal of crystalline water
molecules from the ferrite p'tmcles Further, in the third
step, mass loss of 15.21% is observed near 563 °C; this
step clearly shows the formation of metal oxides to metal
ferrites with loss of oxygen [22]. The decomposition of -

- samples was completed at around 570 °C. Thereforeé, all’

the prepared samples were sintered at the temperature of
600 °C

3.2 X-Ray Diffraction

‘The XRD pattern of the synthesized ﬁanoparticles is

shown in Fig. 2. The planes observed in XRD are corre- .
sponding to' the standard structure of spinel ferrites [ICDD ]
# (01-074-2403)] [23]. All the samples of Ho-substituted N

.Co—Ni feirite have spinel cubic structure, However, Co—
 Ni ferrite and Ho-substituted Co-Ni ferrite are formed

with the secondary phase of o-Fe,Qs (JCPDS 33-0664). .
The secondary phase is formed during the sintering pro-

- cess, and this formation depends on the sintering temper-

ature. It is observed that phase formation depends on the ]
concentration of RE metal jons; Ho** in Co-Ni ferrites

@ Springer ,
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Fig. 3 Rietveld refined XRD patnems Coy gNig 4Fez . Ho Oy (x=0, 0,05, and 0.1

and sintering temperature {24, 25]. The amount of Ho®**
composition in Co~Ni is very small; therefore, it is suc-
cessfully dissolved in the spinel structure. This indicates
that the secondary phasé is induced due to the tempera-
ture. The most substantial reasons for the phase formation
in the Ho *-substituted Co—Ni ferrite samples are elec-
tronic configuration and ionic radii of Ho®* RE metal ions
and host ions. The substitution of Ho®* (65°4f'") jon in
place of Fe™* (3p®3d”) fon will distort the lattice and in-
fluence the 3d-4f coupling. This distortion observed in
the lattice is due to the increase of bond angle RE**-0°
“—Fe”* [13]. It is known that rare earth metal ions gener-
ally prefer to occupy at octahedral B site because of their

large ionic radii. The Ho>* ion has a larger radius (1.04 A)

- and: prefeuud to reside at the octahedral site in place of

Fe* jon whose ionic radius is 0.67 A [26]. Thc Rietveld
refinement of all the samples was carried out by using
FullProf software to determine the distribution of cation.
The Rietveld refined XRD for the sample x=0, x=10.05,
and x = 0.1 arc shown in Fig. 3. The samples weré refined
by considering an Fd-3 m space group and fduemcentered
cubic structure. The values of goodness fit (x7), expected

~ values (Raxe), discrepancy factor (Ryp), and the distribu-

tion of cation obtained from Rietveld refinement are listed

in Table 1. It is noticed that the Ho®* ions strongly prefer |

to occupy at the octahedral [R] site. For x> 0.075, Co®*

Table 1 Strrctural pafameters

obtained from Rietveld “x" Rietveld parameters (Cation distribution by Rietveld refinement

Refinement Co, Nip 4Fey - — — e -

—Ho, Oy (x=10.000, 0.025, 0.050, X Bexp (%)  Rep (%) Re(®)  (A)site . [B site

0.075; 000y

o 00 1401 0939 1.1104 0.789 (Fe)* " [Cop.gNip4Fs]® 04 ‘
0.025 1142 1051 11234 0.812 Fey™ [Coup.¢Nig aTlog s2:Feg 0751204
0050 L1111 1.034 1.092 0.821 (Fey* = [Ca.6Nig4Hog psoFeooso]” Os
0075 1.216 [.005 1.109 0.836 (C00_| |P‘60_39}A ECO(].‘;gNig,q.HO{).msFB] _()35]8 04
0.1 1273 1014 1141 0.857 (Cop.Fepea™  [CogaaNigaldog Fey ocl® O

: @ Springer
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follomng relation [27]

‘.u—-d\f(kz-kk +]") . .I g | .- (1)

:where B, &, and ! dre the Mll]el mdrces of the XRD
reflection peal and d 'is the inter-planer spacing of
.- Bragg’s planes, Table 2 shows that the lattice constant

“a” i3 increased from 8, 412, t0.8.582 A with an increase

of Ho™ 'jion substitution in cobalt-nickél fertite. This is
.. due to the difference in ionic radii of host and dopant
_ions; the radius of Fe™*

(0.67 A) is smaller than the
radiug qt Ho** (1.04 JU [28]). The Ho" ions are entered
in the spinel ferrite crystal lattice, expanding the crystal

. lattice that results in the increase of laltice constant.

[29]. The sécondary phase x-Fe,Os is vbserved at

24.15°, 33.12°, and 49.32° diffraction angles. It is obs
servéd that the peak posumn of the secondary phase
- _remains the same with the substitution of Ho3+ ions .
in Co-Ni ferrite.” Therefore, the secondary phase will
"not distort the lattice corresponding te-the expansion

or confraction. Hence, the lattice constant lS indepen-
dent of the sceondary phase, .
‘Fhe average erystallite diameter *Dspp” of powder was

estimated from the major peak (311} of XRD with the: help

343 -

50 e PRI
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o= 5dF : . L33s g
= o
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= CE
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E 320 8
=
5,5.35- L3158 i
=3 BA
rTe CFaes
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Fig, 4 Variation of X~ray density “d,” and Bulk cienSﬂy “dB” with

Lomp(mh(m “%” of Ho*"tons _

. ray deagily (d), Bulkdensity . Comp a Dy () ‘ Hoping lengths
(dg), Porosity (P), crystallite size X 7§} (g/em”y {gem™) (%Y (m3/ I —

(Dxro), Sutfice Area (S) and S ' £ LA Lnd)

Hoping lengths (L, and Lp) N . - i — — : - :

Cop NigaFe, 0,04 (r=0000, 0000 8412 32212 8315 3.026 4307 6156 3578 2021

0.025; 0050, 0075, 0.100) - 0025 8421 32268 5372 3478 4084 5851 3600 2040 -

‘ 0050 . 8428 35601 5423 . 3233 4038 5213 3449 2.980
0075 8486 37520 5457 3.257 4032 4900 - 3674 3000
0.100 2580 39712 5497 3303 39.91 45,75 376 3.034
- ions mtgl ate from the gotahedral {B] 51te 10 the tetrahedral - of the Scherrer formula LU
(A) site by rearranging the Fe™* 'ians. . \ 3 '
The laftice constant “aj’ was dc,termined withlrhe help of Dypp= -;’9)\9 {2)
: , cos

where. ) is the wavelengt;h used i XRD, B is the full width
of half maximum in {28, and ¢ is the correspondmg Brdggs
angle. The values of crystallite size are tabulated in Table 2,
and it.i5 observed that the crystallite diamcter increages from
32.1 to 39.7 nin with the Ho’* :subetttut:on in coba]t—-mckel
ferrites.

The X-ray density (dx) was determmed by the foIlewmg
equatlon [313:

8M .

d; T Na® S : (3) .
where ¢ is lattice constant, V is the Avogadro’s number, und
“8" is the number of molecules per unit call, The X-tay density
is increased from 5.315 to 5.497 g/em” with an, increase of Ho™*

composition (Tdble 2 and Fig. 4). This behavior of X-ray den-

sity is related to the molecular weight (M) and lattice pararmeter
(a). The increase in X-ray density may be attributed to the
greater atomic mass of Ho** (164.93 amu) than that of Fe**
(35.85 amu). The bulk density (dg) is caleulated from the

* Archimedes method, and its values with Ho™ substitution are

summarized in Table 2 and Fig. 4, The bulk density is increased
from 4352 (x=0.0) to 4.599 (x=10.1) with increase of Ho™
substicution. This is attributed to the production of smaller fer-

rite grains, which results denser sample. The substitution of

Ho" in Co-Ni ferrite changes the percentage shrinkages of
the size of crystallites and increases the bulk density [29].

The percentage of poros:ty is determmed with the help of ‘
cquation [32]:

p= (d%:{%) % 100 o @

X

where dy, and dx are the bulk density and Keray density, re-
spectively. The values of porosities of the samples are shown

. in Table 2, It is observed that porosity decreases with the Ho*

ion concentration in Co-Ni fetrite. This | is due to the behavior .

of both X—ray and bulk density with the concentration of Ho>* .

ions .in ferrite samples. The specific surfage area (S) was

_@_ Springer
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Fig. 5 Variation allied parameter
with Composition “x”* of Ho™
ions

e tebrahedral bond (d ]
i eyt hecdral Dond (d:;x)

sk tetra edge {9, Y )

L i

- 4 4

+ Y
. A

Allind Parameters

e shared octahodral edge (d )
——— unshared oecnhedral edge (d,,...,)

calculated from the crystallite size in the npanometer and the
measured density in g/em” using the refation [33]:

6000 :
S =5 (5)

where D is the erystallite size and dj; is the bulk density. The
values of “S” with Ho™ substitution are tabulated in Table 2.
It is found that surface area decreases with Ho* ion concen-
tration in Co-Ni ferrite. The specific surface area is inversely
proportional to the bulk density and crystallite size. Since both
crystallite size and bulk density are increased with Ho'* sub-
stitution, Therefore, the specific surface area is decreased with
Ho>* composition in cobalt-nicke] ferrites. Using the values
of the lattice constant (¢}, ion jump lengths at tetrahedral (A~
site) and octahedral {(B-site), i.e., “L,” and “Lg", were calcu-
lated by with the help of relations [34]: '

‘Qwﬁl | | "m)
Ly= aﬂ - 7

The values of hopping lengths with Ho ™ ion concentration
are summarized in Table 2. It is found that the hopping length
~ of the prepared samples increases as the Ho®* substitution
increases. This behavior of hopping length with Ho®* is anal-
ogous with the behavior of the lattice parameter with Ho®*

T
.00

T G Y T T Y T ——
4.02 014 LRI T 1.08 . O 0
Compesition "Fio™ Content x .

substitution. This variation could be attributed to the differ-
ence in the ionic radii of the hosts and dopant fons, which

make the magnetic ions larger to each other and the hopping - -

lengths are increased,
The allied parameters like octahedral bond and tetéahedral
length, tetrabedral edge, and shared and unshared octahedral
edge (daxn, duxr, and duxny) were determined using oxygen
positional parameter » (0.375 A) and lattice parameter a,

i = a3 (u-1/4) @
dex=2 [3u2—-(11/4)u+43/64)]”2 B o)
dne = a¥2 (2u-1/2) | (10
(;_inE; av2(1-2u) D o Ly
Ao = 2 [4u"=3u + (11/16)] 2 S

~ The variations of allied parameters with Ho3+ concéntra-
" tion in Co-Ni ferrite ate shown in Fig. 5. The allied parame-

ters are related to the radii of Ho™* and Fe’* ions. The allied
parameters are increased with the composition of Ho® in
cobatt-nickel ferrite,

3.3 Cation Distrfbution

Using X-ray data of the prepared samples, the cation distribu-
tion at-octahedral {B] and tetrahedral (A) sites were estimated

Table 3 Composition x, cation

distribution, mean ionic tadii (s Comp. X Cation distribution by Bettaut method Meart jonic radii a,h. . o
and rp), theoretical lattice . ) , ‘ CA) tA)
constant (¢y), and oxygon (A) site [B] site alh) m (&) -
parameter (ll) OfC'Og.ﬁNipAFﬂg_ j . . . l ) ;
«Ho, Oy (r=0.00, 0.025, 0.050, 0.000 (Fe)® [Cog oNig.aFe]P0y, - 0665 0667 8357 03872
- 0.073, and 0.10) . 0.025 (Fe)* [Cog sNig.4FHlop.pasF ey 975 F 04 0.667 0672 . 8371 0389
0.050 (Fey* [Cop, 6Nig,4Hog gscFen.0mal” O 0.668 0.678 8.385 . 0.3867
0.075 (CogasFenss)”  [CopssMinaHopmslicoorsi® O 0.669  0.683 ~ 8399 03865
0.100 (Cog s Fege)® 03863

@ ‘Springer
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sities for planes_ h, k, and {, respectively. By comparing ob-

-~ served and calenlated intensity ratios of selected reflection, the

distribution of cations was achieved. The oxygen parameter

dosg not affeet the intensities of the planes. In this work, the

reflections of: (400), (400), (420), and (422) were sclected to

' calculate the intmsity ratio. These ]:ilanes are supposed sensi-

-tive to.the dlS’Eﬂblitlon of catioit. The absorption and temper-
ature. factors o not affect the calcnlations of intensity; there-

Fore, these factors are not considered in the present work. The

above refléctions are selected by an agreement factor (R):

. .Flg 6 Vamtmn of Tonic Radu 0.390) s - — 0.3046
~ with Composition “x” anQ . C i [—— woth 48 YTA +
ions - . 150_11(! Length (¢,) (A) 03045
- " 0.388 - ~w-Bond Length (r,) (A} 4 .
- ' . - 0.3044
. : | D
~y 0386+ £ 0.3043 -,
= R &
] Lo vngy =
'::D 6354 I 63842 .gn
S0 Toa0a 3
£ 03824 403040 8
i 1+0.3039
0380+ 03038
T T T T T M k
0.00 0.02 0.04 0.06 . 98 0.10
Composition 'Ho” * Contont x
. by usmg Bertauf method [35] 1nBertaut metiwd somereﬂeu— -
- tions were bd(.bt(,d with the hcip of the following cxpressnon R 15 g I 14 '
. - Iobs Icai ( )
_ ICal E C L Wi R
' }JIIE{; = o (1)
F, 1 R . Thc mtens1ty ofa planc was caleutated by the equation:
where IS2® and 103" are the caleulated and observed inten- Tkt = |FliP - In (15)

where P =multiplicity factor; F= structure factor; Ly =

Lorentz-polarization factor and it was calculated by the for-

mula:
1 + cog? 29 -
sin cos28

The values of the muyltiplicity factor, strucmre factor,
and Lorentz-polarization factor of cations were taken from.
the previous literature [36]. The intensily ratio was

A

' :Fig.' 7 SEM images of C()o,ﬁNin,ﬂFe;_xHuxO4i ax=00,bx= 0.025, ex=005,d x=0.075, ex=0.1

@ Springer
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Fig. 8 EDAX spectrum of
Cog zNiy sFe,_ Ho, 0, for x=
0.05
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calcutated for the planes I.(Mg)/l(ng,), 1(422}/.1(400), and 1(400)/'
Lia40). and compared with observed relative intensity by
adjusting the fraction of the cations until the agreement
factor becomes minimum. The distribution of cations is
listed in Table 3. It is observed that the Ho™ ions prefer
to reside at the octahedral site only for all the composi-
tions of Ho™. Since the radius of the octahedral site is
larger than that of a tetrahedral site in the spinel lattice.
The ionic radius of the Ho™ ion (1.04 A) is larger for

tetrahedral A site and therefore -these larger Ho®! ions-.

- occupy at the octahedral site. The substitution of Ho®*

cations in place of Fe3+ is preferred to oceupy the octa-
hedral sites by rearranging the cations among the octahe-
dral and tetrahedral sites to minimize the free energy of
the system. It is observed that both Co*' and Ni** ions
occupy in the octahedral B sites, but as the Ho®* concen-
tration increases, then Co™ ions occupied in the tetrahe-
dral A site as well. Partial migration of Co" jons (0.78 A)
from B to A sites has been observed by increasing the

Ho®* concentration accompanied by an opposite transfer

of an equivalent number of Fe** jons (0:67 A) from A (o
"B sites in order to relax the strain at the octahedral sites

[37]. It is noticed that the cation. distribution analyzed

tfrom Rietveld refinement is the close agrcement with
Bertaut method. The mean ionic radii of the tetraliedral
" A and octahedral B sites (ry and rp) were determined

with the help of relations discussed elsewhere [38]. The
variation of ionic radit with Ho** concentration is shown

in Fig. 6. 1t is observed that both r, and ry increase with.

an increase of Ho’* substitution in Co—Ni ferrite. The

inctease in rp s due to the. occuparcy of larger Ho®* -
(1.04 A) at an octahedral B site whmh repldu,d smaller - -

Fe** (0.67 xgx) ioms.
The theoretical lattice paramuter (@) was dete1mmed by
refation {39]:

ay = ;ﬁ[(m + Ro) + ﬁ{rs +R0)] . | (17

Fig. 9 TEM and their corresponding SAED image of typical sample (x=0.0, 4.05 and 0. 1) fior Cog ¢Nig aFez—Ho Oy
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thre Rois radaus of oxygen, i.e., Ro= 1 ?2 A andrgand ry

. are radii of octabedral [B] and tetrahedral {A) sites. The valiues’

of ay, are summarized in Table 3,-and it is observed that the-
otetical lattice constant increases with an increase in Ho®*

substitution: This is a similar trend observed in the (,xpmmen-

tally determined lattice parameter (2).
The oxygen positional parameter » has been determined

_ using the radius of oxygen ion Rpy=1.32 A vahes of & and
T with thc help following e*{pmss;on [40]: -

v 3a

,i"=: :{""_fR")\/-“L*ﬂ h - as)

The vales of oxygen positional parameters are shown in
Table 3, and it is found that the value of u decreases with Ho

. substitution in Co—Ni ferrite. In the spinel oxide, the metallic fons -
" are smaller than the oxygen ions. The oxygen value *u’ is larger
* than the ideal vatue (0,375 A). This value indicates that produced

spinel fattice ;;li_g,hﬂy deyi‘atedr fmm the dctual spinel lattice.

_ 'SEM mmographs were used to obtain the morpho!ogxcal'
. mformdtmn of the prcpaled Ho-substituted Co-Ni ferrite.

Figure 7(a—¢) shows SEM images of prepared samples.
The SEM images ‘indicate the nearly vniform distribution

. of grains. It is found that grains are agglomerated; there-

fore, it 1§ difficylt to measure the grain size of the pre-

“pared samples. Better grain boundaries were observed at

the smaller substitution of Ho®* ions. Compared with-the

XRD tesults mentioned above, it can be confirmed that

after the addition of 1o jons, the phase of &-Fe,04

coirld be at grain boundaries. Further, it is observed that
+ the grain size is_decreased with Ho™

substitution even
though the crystallite size is incréased. EDAX of typical
prepared sample was carried out to study the compositien
of elements present in the samiple. Figure § shows the
EDAX spectra of middle composition. (x=0.05) of
Cog.¢Nig. 4Fez_xHox04 The compositional pelcentuge of

- different clements in the sample is shown in inset of |
F1g 8. The presence of elements Co, Ni, Fe, Ho, aad O
.in the spectrum is the evidence of the formation of Ho-

substituted cobalt-nickel ferrite. The EDAX spectrum and
inset table show that the Ho-substitated Cobali-Nickel
ferrite formed in good stoichiometric ratios.

In order to see more insight on the morphology of the

. prepared samples, TEM image and their corresponding
- SAED pattern of nano ferrite with composition
© Cog gNigaFeHo,Oy (x=0.0, 0,050, and 0.1) are shown n

Fig. 9. It is observed that the partictes are uniformly distribut-

ed and agglomerated slightly due to m':;:nenc interaction be-

tween the

- particles. The average partlcle size is estimated within the

range of 40-50 nm. The SAED pattérns show that Ho™ -
doped Co-Ni ferrite nanoparticles were found in well crystal-
line nature. Thie superimposition of the bright spot with Debye

 ring pafiern indicates the polycrystalline nature of the sample,

and it is confirmed that the particles are nanometer in dimen-
siori [41;42). -

4 Conclusions

The Ho®* substituted Co-Ni ferrites were synthesized by the
sol-gel method. The TG-DTA graphs revealed that the decorn-
position prepared samples were completed around 570 °C;
therefore, 600 °C may be required for the complete crystalli- -
zation of samples. The structural properties like lattice con-
stant “a” arg increased from 8.412 o 8.582 A with i increasing
the Ho3 *. The cation distribufion data shows the Ho** ions is
preferred to occupy the B sites and, its force to Co® ions to
mmigrate B sites to A sites; whereas Fe** jons distributed over
both sites. The theoretical lattice comstant is incréased with an
increase of Ho™ ions which is in agreement with the experi-

“mental latme congtaat.
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