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Abstract

Four groups of the series of rare earth (RE) suthetitcobalt ferrit€€ o, RE,Fe,O,; x = 0 - 0.2 in steps of 0.05 and RE is Nd
and Eu were prepared using the sol-gel method raeéadimg temperatures 55€. The materials were characterized by powder
X-ray Diffraction (XRD), Field Emission Scanning Eteon Microscopes (FESEM) and Fourier Transformdréd spectroscopy
(FTIR). The phase identification of the materialsXi¥D reveals the single-phase nature of the maseridie crystallite sizes of
the materials were varied by altering the sub#itutontent within the range of a minimum of 11 toy81 nm. The magnetic
parameters have been studied by using vibratinglsanagnetometefV SM). The saturatiomagnetizatiorof the ferrite materials

at room temperature decreases with the reducti@izef This has been attributed to increased =utfawolume ratio and spin
canting phenomena. The substituted rare-earthimndnilgit the grain growth of the materials in a gysaitic manner compared with
that of the pure cobalt ferrite materials. Therarismprovement in coercivities of the rare eaubstituted cobalt ferrite especially
for 5 % Neodymium substituted cobalt ferrite witipeoximately 2 kOe coercive field. This is attriedtto the contribution from

the single ion anisotropy of the rare-earth iorespnt in the crystal lattice and #féectsof a change in magnetic structures on the
surface of the nanoparticles.

Keywords: Cobalt Ferrite, sol-gel, Rare Earth ioanbparticles, Coercive field, lon substitution.

1. Introduction

During last decade, the magnetic nanoparticlese fatracted significant scientific and technolobicgerest
because of the wide range of application such ag-delivery technology [1, 2]iquefied petroleum gas sensing [3]
and high-density information storage system [4, Bhe requirement for these applications will beiséied by
adapting the magnetic properties of these nanajestproperly. The magnetic properties of thesepariicles are
known to depend dramatically on the physical charéstics such as particle size, chemical compmsitcation
distribution, surface to volume ratio etc. Among tamily of spinel ferrites, particularly cobaltifte and substituted
cobalt ferrite nanoparticles, have been widely istiddue to their interesting properties, which amederate
saturation magnetization, high coercivity, excdllglremical stability, good mechanical hardnesstaadhighest value
of magnetostriction, also nanostructured cobatitéeexhibits semiconductor behavior from 25:@60[6].

We have been interested in carrying out our ingasitins in order to use cobalt ferrite for high signrecording
purpose. It has been confirmed that the refinerktite grain size to nanometer content is an effectethod for
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reducing the noise and increasing signal to no&®.r Meanwhile, forCoFe, O4 (CFO) with high Curie
temperature 793 K; the cation doping usually ngedbe performed in order to increase sensitivity [Rare
earth (RE) ions are reported to possess a varietyagnetic properties because of the great vanaitiothe
electronic states particularly of the 4f electrothe&refore they are good candidate to tune magpediperties of
CFO [8]. The effect of the Rare earth ion substtuton magnetic properties of the ferrite matertzdse been
examined, especially for using in the applicatisash as magneto-optical sensors [9], magneto-dtit@)

recording [10] and hyperthermia treatment [11].

Decrease in the Curie temperaturg dnd an increase in the effective magnetic momewitiu the increase
of Dy3* substitution content on LiCoDy-Ferrites preparectiiy standard ceramic technique, was reportedewhil
an anomalous behavior was obtained for the samifex®0.075 where a rise incland a drop in i were observed.
But theeffective sintering temperature was as high as 120(012]. The influence of the distribution of the tale
ions on the magnetic properties of sol-gel deri®ebte,_RE,O4(0 < x < 0.03,RE = Dy, Gd) has been reported by
Naik and Salker [13]. Decrease of the particle sizdT g with RE substitution was observed. It was obsetted
the value of saturation magnetizatifs) decreases with the REnclusion that may be correlated with the
decrease in particle size brought about with th@rdp Amiri and shokrollahi reported the same tréordC oy gRE 1
Fe,O4 nanoparticles and thin film, with three differeate earth ions (Nd, Eu, and Gd) prepared by thenizta
co-precipitation method [11]. The latter also destoated that the coercivity increases by RE dopimg reaches
its highest content for the Gdsubstituted ferrite at about 914 Oe that is still lfor stable magnetic recording
media. Also only effect of one substituted contgrts0.1) was examined. An increase in the surfaceotume
ratio was evident due to inhabitation of grain gitoly RE ions segregation on grain boundaries12113].

The magnetic properties of spinel ferrites are igasto the cation distribution between the octiia¢ and
tetrahedral sites [14]. It is evident that duelame radii of rare earth ions, high amount of sitltion may
result in a drastically cation redistribution of CFO therefatewill have an unwanted impact on magnetic
properties hence the doping content x could noeescmore than 0.3. With this in mind we decideduse
different doping content to demonstrate best camaton of each rare earth ions for modificationmofgnetic
properties. So in this work we used different eotd of dopant to examine and introduce the besterdration
of rare earth dopant that will not have unwantddatfon structural and magnetic properties of pregpgample.
Therefore, to achieve the homogeneous composifidheofinal oxide nano-particular powder withoutyazation
segregation, the preparation of a homogeneous igfelraspect to the distribution of cations is iqdiasable. So
we used our previous result from our former pulbiicato achieve a homogeneous gel and pure desifatal
product [15]. The structural and magnetic propsriié the Rare earth-substituted cobalt ferrite panticles
prepared by novel EDTA/EG method (reported elsew/fiEs]) have been investigated in details.

2. Experimental

All nanoparticles having formul€o,- Re, Fe, O, were prepared by EDTA/EG assisted sol-gel methé&q. [1
Appropriate amount of Ethylene glycol (EG, Sigmai#dh), Fe(NOs)z (Analytical reagent,Merk.), CofNOs),
(Analytical reagent, Merk.) were dissolved sepayatethe deionized water by stirring at 7G . The adjutant rare
earth oxides were dissolved separately in the dN#cid and deionized water by stirring at*Tto obtain RE ions.
As ethylenediaminetetraacetic acid (EDTA, Sigmarishl), is insoluble in water, it was dissolved lire tconcentrated
N Hs at the same temperature. Afterward they were mirgéther by stirring for 50 min to obtain a stabled
homogenous sol. Then the solution was aged fory2. dehe following step was calcination30 °C during 90 min
to start decomposition of the resins and resuét black powder. The next step was to anneal theupser powder
at 550°C for 30 minutes to modify its structure. The stépslved in the synthesis of samples are illusain
Figure 1.

The heat-treated nano-structured samples weretigagsd by X-raydiffraction (XRD), thermo gravimetry
(TG), Fourier transform infrared spectroscopy (FTihd magnetic measurements. The XRD patterns were
recorded using a diffractometer (Philips X'pert &yr Diffractometer) using Cu tube anodk, 1.540598).
PANalytical X’Pert HighScore software was used ttee analysis of different peaks. The field emisssocanning
electron microscope (FESEM, TESCAN Mira 3-LMU) wemaployed to study the morphology, particle sizd an
microstructure of the particles. The infrared apson (IR) spectra of the samples were recordethénwave
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number range of 400-4000 cinby means of the Perkin Elmer spectrometer using-pd@vder mixed pellets.
Magnetic properties of the prepared powder wererdehed at room temperature using the vibratingpam
magnetometer (VSM: Dexing, model 250).

3+
61\1();)«0I9<RE ions>6N();): 91 9
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v
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Figure 1. Preparation route for Rare E4RE®") substituted cobalt ferrite nanoparticles by tiET&/EG precursomethod.
3. Results andliscussion

3.1. Structural analysis

Mixed spinel ferrites were observed for x =0, 0.03,, 0.15, 0.2 whereas for x = 0 p@eFe,O, (JCPDS file
No: 22-1086) are formed. The formation of raredeartbstituted cobalt ferrites was confirmed byrtcbaracteristic
powder X-raydiffraction pattern and pattern for 4 samples are shown inrEiguAll diffraction peaks for the samples
correspond to spinel structure with a cubic streetihe X-raydiffraction patterns do not contain any extra reflection
corresponding to oxides of Nd, Eu or Fe.

X-ray diffraction and differential thermal analysis measurements for Co ferrite posvediow crystallization
temperatures of the ferrite powders are about E50however, the formation of a magnetically andictrally
homogeneous ferrite sample requires the anneaimg@drature above 55C. The patterns also show a slight shift
in peaks position towards higher d-spacing. Thekpdmecome broader toward higher rare earth ionstisution
content which is significant of finer particles. &broadening of the peaks also accommodated wétli¢lcrease in
the density due to an increase in the surface lame ratio of the compounds with the doping of3Ribns. The
growth of the crystalline grains is also restrictgdthe substituting of rare earth ions, leadingh® relative small
grains. It is observed that lattice constant iseased linearly by increasing substitution contdiite reason for this
increase in lattice parameter values may be dtieetéarger ionic radii of RE as compared to Gb.The crystallite
size has been calculated using Scherrer’s formula.

kK (1)

B coso
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Figure 2. X-ray diffraction pattern d@@oFe,O,; Ca,HU,,Fe0s; Figure 3. The calculated crystallite sizes vs. dgmiontent of samples

Co,,Nd,,Fe,0,; heat-treated at 550C. The absence of any
impurity phase is visible.

Where the constant k depends upon the shape ofyktallite size (which is equivalent to 0.89, amig the circular
grain), B is the full width at half maximum of the intensifg.u.) vs. 8 profile, A is the wavelength of the CyK
radiation (equal to 0.1542 nnt),is the Bragg’s diffraction angle, and D is thestallite size. In Scherrer’s formula,
the average crystallite size has been calculatied) Wbe Gaussian fit, fitted to the highest peakhi@a XRD pattern
(within an error of 2 nm). The calculated crystalkizes versus doping content of samples are shiowigure 3.
As the electron orbital tend to be completed of bampleted the interaction tendency with environtaéanions
decreases and consequently the crystallite sizahengarticle size decreases [16]; Therefore ftus8tution of Eu
(65417) we have smaller crystallite size than for subiin of Nd(65°4 ) in cobalt ferrite crystal lattice As shown
in Figure 3. From FESEM image of pristine and RBstituted cobalt ferrite it can be seen that thesREstituted
nanoparticles are less agglomerated; thé*Ré&hs will segregate close to the grain boundatieseby minimizing
the possibility of increasing the grain size du¢h® agglomeration process [17, 18]. The averagicfeasizes were
determined from the FESEM image; Pristine Cobaltitie has the average particle size of 33 nm an®@% Eu
substituted CFO it was 23 nm (Figure 4.) and ther Ishows narrow particle size distribution. Thelatation density
(8), definedas the length of dislocation per unit volume, whigres the number of defects in a crystal, wasregtd.
The dislocation density) was calculated with the following relation [19]:

3=1/D" ayq )

Where Qg is the average crystallite size. Lower values efdislocation density indicate good crystallinifytioe
prepared samples. The results are shown in table 1.

3.2. FTIR analysis

FTIR spectra of pristine cobalt ferrite and Eu sitbed cobalt ferritdCo,_ Eu,Fe;04) ; x=0.05,0.1 heat-treated
at550°C and the aged gel of cobalt ferrite are showniguife 5. In spectra of aged gel there exists somadiand
absorption peak due to the stretching vibratiopretursors such as peak at 3284 %cdue to the N — H stretching
vibration. As the Annealing temperature increasess °C, the absorption bands of frequencies higher 0
cmi't disappeared. The absence of the peaks at 1000€i8030and 2000-3000 cr in the samples Annealed at
550°C confirmsthe nonexistence of tHe— H modeC - O mode, and C = H stretching mode of the orgsmicces.
Hence, there are no residual organic compounds.

Two prominent peaks centered at 583 tm1) and 407 cm (v2) represent metal-oxygen bond stretching in the
tetrahedral and octahedral lattices. The obserbedration pattern reveals the formation of the sblattice. The
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tetrahedral peak in the FTIR spectra positions higaer region as compared to that of the octalgurak. The
metal-oxygen bond in the tetrahedral lattice halsater bond length as compared to that in thehechal lattice and
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Figure 4. FESEM image of (&oFex04 (b) Cop.9E up.1Fe204

therefore more energy is required to vibrate thedbdt is known that increasing site radius redubesfundamental
frequency and therefore the peak frequency shciftitewards the lower frequency side. It can berséom the
figure that as the substitution content of REs increasing, the intensity of the bands at 579'cimcreases and
shifts towards higher frequency. The high frequebapd becomes broad and the band at 407 @nshifted to
lower frequency when the percent of Rare earthdopant is increasing. This indicates that®REons occupy
octahedral sites of spinel structure. The strutfpaeameters of octahedral and tetrahedral sitdsttam interatomic
bond lengths for 5 samples are listed in tables®23a

3.3. Magnetic Behaviour

The magnetization of the prepared samples was ctesmized with a VSM. Figure 6 shows the room
temperature magnetic hysteresis loops of nanodlipstePristine cobalt ferrite (CFO), 5% Eu subgtt cobalt
ferrite C@ gsEUg.05F€,04: E1 and 5% Nd substituted cobalt ferr@eg osNdg 0sFe,04: N1, heat-treated &50°C.
The maximum applied magnetic field in the instrutnemas 15 kOe. It shows the semi-hard ferrimagnediture
(i.e. higher coercivity compared to soft magnetb)tte samples synthesized by the EDTA/EG assistédjed
process. The magnetic behavior, such as saturategnetizationMs), coercivity (H.), remanent magnetization
(M;), and squareness ratio (SQR) obtained from the Melds are listed in table 1.

3.3.1. Saturation magnetization

In general, magnetic properties of nanoparticlgsedd on the synthesis conditions, particle sizethadccation
distribution among the different sites. Saturatinagnetization of obtained CFO is lower than thécaé Mg of
CFO or bulk CFO (80 emu/g) [20] due to spin cantéitect at the surface of nanoparticles that resumesrall
magnetization of nanoparticle samples. After thpinig, the observed Mlecreases from 59.2 to 44.3 emu/g with
increase in the dopant content. Due to the unfilfeshells of rare-earth atoms, it is a challengingblem to obtain
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an accurate theoretical description of the eledatrstructure of rare-earth compounds. In spiteheffact that the 4f
energy contents often overlap with the non-4f brbands of the system, they generally form veryavamesonances,
and are often treated as core states in the themrefforts. Due to the highly localized naturetioé 4f electrons, the
direct f-f interactions between neighboring raretleatoms are generally considered to be nearliigibke.

As we knowCoFe,O4 normally has an inverse-spinel structure, wheré&'@ans occupy octahedral sites, while
Fe¥* ions occupy both tetrahedral and octahedral latiites [6]. The substitution of Co with RE ionsédakplace
at octahedral sites due to their larger ionic raHiénce it is expected that the number of magmetiments on the
octahedral site decrease. Therefore, the magnetnemt of B-sublattice decreases and consequentinetization
also decreases. It can be explained by the fatbyhiatroducing RE* to CFO lattice the number of magnetic linkages
occurring between tetrahedral and octahedral caiddecreasing. The RE-Fe** interaction (4f-3d coupling) and
the RE* -RE®* interaction (indirect 4f-5d-4f electrons couplirepist but they are very weak. The A-B interaction
heavily predominates over A-A and B-B interactif2ig].

Spin ordering in RE doped CFO is ferrimagneticjudes unbalanced antiparallel spins. As a genetal any
electrically insulating compound containing onlyes@arth ions, with the exceptions B?*, will have extremely
weak exchange interactions. This is because tredtents in the trivalens rare earths lie deepiwithe ion. In
case of Eu calgogenides the 4f contents are ogl\e¥-below the outer valence electrons, and thesvilanctions of
the 4f electrons overlap adjacent ions is muchngea The third valence electron #uo EW* is easily promoted
into a virtual 5d state which acts to enhance tteha&nge interaction in low concentration.[22]. Hers we see
from figure 6, the saturation magnetization ofEgubstituted CFO are slightly higher than¥doped compound
but both have descending trend compared to pri€F@. The saturation magnetizations of samplehigteer than
reported M of previous Neodymium doped CFO that was prepai@del-gel method [23]. This can be related to
absence of hematite phase as one of the frequenthed impurity phase in ferrites in current sansplin previous
works despite the 4 hours sintering, presence idtige phase was detected [23, 24].

In spinel lattice total magnetic moment i Miet(Moctand Me; are the sum of the magnetic moments on B
sites and A sites, respectively). As it is seemfiieigure 7, overall trend of Ms of substituted sémps descending
by increasing dopant content. But there exist$ghtsincrease for Eu content of 5% and 10% . Tleement of the
saturation magnetization at Eu content (x = 0.05) €an be explained by the fact that the subsiitutf Eu ions by
Co ions in octahedral sites increases the magtietizas the magnetic moments ofZEand C3* are 7.9 and 3 g4
respectively. However, with further increase in B concentration (x = 0.15 and 0.2), the magngtimanstantly
decreases because the conversion of equivalentrasnouF €* (5ug) to F&€* (4pg) [25]. Also by increasing dopant
content particle size of the sample will decreasa aesult due to dominant spin canting effecpfmticles less than
about 15 nm we see by reduction of size theradiscaease in saturation magnetization.
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Figure 7. Saturation magnetization of Eu and Nd Figure 8. Coercivity vs. particle size of Nd and Eu substitltcobalt
substitutectobalt ferrite vs. dopant content ferrite with different doping content

3.3.2. Coercivity

The coercivity H which measures the magnetic field strength requioecovercoming anisotropy to flip the
magnetic moments is clearly affected by the RE twitisn. The value of coercivit{H.), reaches a maximum value
and then decreases as the grain size increasdsedtligpercivity is observed for 5% Nd substitut&Clt is reported
that coercivity depends on factors such as magemtgtalline anisotropy, microstrain, size distribat anisotropy
and the magnetic domain size [26, 27].The targeital size is within theuperparamagnetand single domain limits
region (5-70nm), in which case.ldan be possibly improved [28, 29, 30]. The incréasmercivity with an increase
in particle size at room temperature in the sirdpesain region can be explained by use of Krameggitnent and in
multi-domain region there is increase in coercivifth decrease in particle size [31]. As the péetiize of obtained
samples are within single-domain particle sizetliwmg observe an increase in coercivity with deaedparticle size
to a critical diameter for 5% Neodymium doped colbatirite. After that there is a decrease in cogtiof samples
as shown in Figure 8. So the optimum hard magmpetiperties arise due to the formation of single dionparticles.
The coercivity of sample reaches its highest lémek=0.05 and N&" as doping ion. This increase can be explained
as follows:

i) The RE* ions known to have strong spin-orbit coupling amdngote the asymmetrical structure of
the nanoparticles as they are located at the B §&2]. In high content doping the effect of the
single ion anisotropy of RE is rather small as compared to the cation rearmaege caused by
introduction of large radius of these ions in CH@stal lattice. Because the 4f shell of the RE ions
is shielded by the 5s and 5p electrons, the crfisidiperturbation are small so no orbital quenghi
occurs [8]. The doping with 5% magnetic Ndons increases the coercive force of cobalt fedite
to the contribution of their large single ion arispy.

i) Another reason for this huge improvement in coécisan be attributed to the domain wall pinning.
Therefore, the magnetic coupling at the individlattice sites lead to this phenomenon that
movement of the magnetic domain wall will becomererdifficult and a relatively large coercive
force is anticipated for the prese@ty s Ndg g5 Fe, O4 nanocrystalline sample. But for higher
content of Nd ions along with the reduction of tajlite size, the particle size also decreases; thi
leads to formation of single domain per partickes the particles are not all the same size we don't
have perfectuperparamagnet ) as a result the coercifield of doped cobalt ferrite decreases. This
consideration came from the reported formationindlle domain inside each grain of nano grain
ferrites. Furthermore, the decrease in the codycfar the high amounts of RE is related to the
noticeable replacement of €oby Nd®* and cation rearrangement.

The mechanism by which magnetization reversal acowolves several events which are inherentlydahko
the presence of defects. These events, nuclegtiopagation and pinning-depinning of a domain wag strongly
linked to the microstructure [33]. With an increasehe nano crystallite size the sample become®inomogenous
as some intra pores drift to the grain boundafesthe decrease of the defects concentrations (dotres) inside the
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grains will occur; As a result the coercivity of B) and 15% Eu doped sample decreases. But byefurttrease of
Eu content the dominant factor for the increaselofwill be the increase of inter granular poresdimgle domain
nanocrystalline because as can be seen from XRilt sesd FESEM the 20% Eu doped sample appears tooisdy
single domain single grain nanopatrticles.

A decrease in d by increasing RE ion content is observed. The masnafif orbital generally cannot be quenched
by the crystal field. Therefore the total magnetioments have both orbital and spin components,sairdorbital
interactions are particularly strong for many of tlare-earth mediated compounds. These inner siaglhetic mo-
ments are largely aligned through intra-atomic-$@jchange interaction and weaker inter-atomi¢#-d) exchange
interactions; thus the rare earth substituted ¢dbafite magnetic transition temperatures are gahemuch lower
than those of cobalt ferrite.

4. Conclusion

A simple sol-gel process based on EDTA/EG-nitrate been used to demonstrate the effect of neodyrandn
europium ions substitution on structure and magr@perties oCoFe,0,. The RE doped CFO nanoparticles can
be produced in large quantity with size rangingrfrthe threshold of 10 nm to 40 nm. The phase aimbf the
samples showed that the structure of the singlegbaoducts was obtained. From the cation distobwttudies, it
can be concluded that these RE ions substitut®@oin the octahedral sites probably due to tlomiciradius which
is close to the limiting size of the octahedra¢sit By introducing more than 10 % RE ions to thestad structure
probability of occurrence of thee, O3 impurity phase is increasing. This reflects theitiimy capacity of the lattice
to incorporate RE ions in its crystal structuretiWhe increase of content of the rare earth ibasaterage crystallite
size increases due to larger ionic radii of RE icospared to Co ions and average particle sizeedses that can
be related to octahedral site preference of RE vanish causes a main part of energy to be consuméte cations
internal displacement or configurational entropgtéad of grain growth. With the synthesis methegbrted here
heat-treatment at 55@ for 30 minutes was enough to obtain the pure &snpith an appropriate structure for their
composition. It is observed that coercivity of sdemgith Cog 9sNdg osFe,O4 composition reaches to maximum of
2 kOe. The optimum hard magnetic properties of earth doped cobalt ferrite arise due to the foimnadf single
domain particles. Thus we can tune the magnetipgaties of the cobalt ferrite nanoparticles by appiate choice
of the neodymium or europium ion concentration arake it suitable for technological applications.
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Table 1. Crystallite size,saturation magnetizati@oercive field, dislocation density, lattice pareter and
squareness of samples heat treated at 650

Samplename Samplecomposition Dayg(nm) Ms(emug) Hc(Oe) 3 lattice parametefA) SQR
CFC CoFe, 04 11 50.¢ 86¢  0.002: 8.341 0.3€
El Co0.95EU0.05F €204 14 54.¢ 527  0.002¢ 8.34¢ 0.5Z
E2 Co00.90EU0.10F€204 18 54.t 56¢  0.003( 8.34¢ 0.41
E3 Coo.85EUp.15F €204 20 49.€ 54z 0.003¢ 8.35( 0.317
E4 Co00.80EUp.20F €204 23 49.¢ 88t  0.005: 8.35] 0.317
N1 Co00.95Ndg.0sFe204 17 46.2 205C  0.002: 8.35¢ 0.4C
N2 Coo.90Ndo.10F€204 21 47t 665 0.002¢ 8.36¢ 0.3¢
N3 Coo.8sNdo.15F€204 26 447 74C  0.003: 8.37: 0.3Z
N4 Coy.8oNdp.20F€204 31 45.5 706 0.0035 8.382 0.40

1C
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Table 2. Structural parameters of octahedral ammdttedral sites

Samplename Dopantion  Dopantcontent ra (nm) Tetrahe- rg (nm) Oc- lattice paramete(A)
dral Coordina- tahedral Co-

tion ordinatior
CFC - 0.0C 0.708¢ 0.737¢ 8.347
N1 Nd 0.0t 0.710: 0.739: 8.35¢
N2 Nd 0.1C 0.705° 0.734« 8.36¢
E2 Eu 0.1C 0.70¢5 0.735: 8.34¢
E3 Eu 0.1t 0.706¢ 0.735¢ 8.35(

11



L. Avazpou et.a/ 0C (2015 1-12

Table 3. Interatomic bond lengths

12

Me—- O(A) Me— Mo(A)

p q r S b c d € f
CFC 0.095: 0.376¢ 0.722¢ 0.426%| 0.294: 0.346( 0.361( 0.541f 0.511:
N1 0.095¢ 0.377° 0.724. 0.427:| 0.294¢ 0.346¢ 0.361¢ 0.542¢ 0.512:
N2 0.095. 0.376¢ 0.722¢ 0.426¢| 0.294: 0.346( 0.360¢ 0.541: 0.511:
E2 0.095: 0.376¢ 0.722¢ 0.426%| 0.294: 0.346. 0.361. 0.541¢ 0.511c
E3 0.095: 0.377( 0.722¢ 0.426¢| 0.294: 0.346: 0.361. 0.541° 0.511¢
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Research Highlights
Nanostructured rare earth doped Co-ferrite particles were synthesized by sol-
gel.
The coercivity of ashigh as 2 kOeis achieved for 5% substituted cobalt
ferrite.
The saturation magnetization is decreasing by increasing Nd** substitution
content.

Obtained nanoparticles are single-domain particles.



