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Abstract 

The effect of Y3+ doping on the structural and magnetic properties of Ni0.25 Zn0.75YxFe2-xO4 [x= 0.00, 0.02, 0.04, 0.06 and 

0.08] was investigated. The specimen was synthesized by conventional solid state reaction method where the sintering 

temperature was 1150oC for 3 hours. The structure of the specimens was inspected by XRD pattern and SEM micrographs. 

The XRD patterns delineate the formation of spinel type cubic structure. The lattice parameters, bulk density, X-ray density 

and porosity were investigated for all the samples. The SEM micrographs shows that the particles of all the composition are 

within 0.4 – 1.2 μm. M-H curves at room temperature exhibit the ferromagnetic behavior. The effect of Y3+ causes 

drastically variation on saturation magnetization (Ms), coercivity (Hc) and remanent magnetization (Mr). Moreover, the M-H 

curves delineate the soft ferromagnetic phenomenon which can be the reason of the acceptance of the specimen in industrial 

applications. 
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I. Introduction 

Polycrystalline ferrite materials draw an immense attention 

in research-oriented fields due to their extensive electrical, 

magnetic, mechanical and structural phenomenon. The 

distribution of ferrous and ferric ions in the tetrahedral and 

octahedral sites and their concentrations in the composition 

are directly responsible for all these supreme phenomena. 

That’s why these materials are widely used in preparing 

many electromagnetic devices like inductors, phase shifter, 

electromagnetic wave absorbers, memory devices etc. All 

these supreme properties can be changed by some 

parameters like synthesis technique, heat treatment, doping 

effect, frequency variation, purity of the reactants etc
1-3

.  

Rare earth materials in the universe are those materials that 

have some extraordinary properties of their own. When these 

rare earth materials are doped in any composition, it causes a 

drastic change in magnetocrystalline anisotropy, 

magnetostriction, magnetocaloric effect, magnetic moment 

etc. due to their localized nature of 4f electrons being totally 

screened by 5s and 5p orbital
4
. A famous and remarkable 

observation of the characterizations of ferrite compositions is 

the substitution of various divalent cation with any other 

element of the ferrite composition. In this regard, the 

substitution of rare earth material with any other element of 

the ferrite causes spectacular variations in structural, 

electrical and magnetic properties of the composition
3,4

. 

Many works regarding the rare earth materials substitution on 

ferrite materials were done and provided a lot of information 

of the consequence of rare earth materials doping
5-9

.  

Our previous study presented the effect of Yttrium (Y) 

substitution on structural and transport properties of Ni-Zn 

ferrite, where the X-ray diffraction pattern was discussed in 

brief and frequency dependent permeability and dielectric 

properties were investigated elaborately
10

. The aim of the 

present investigation is to demonstrate the detailed X-ray 

diffraction pattern, Scanning Electron Micrograph and M-H 

curves of Y
3+

 substituted Ni-Zn ferrite symbolized as Ni0.25 

Zn0.75YxFe2-xO4 [x= 0.00, 0.02, 0.04, 0.06 and 0.08]. 

II. Sample Preparation 

The Y
3+

 substituted Ni-Zn ferrite were synthesized using 

conventional solid state reaction method where analytical 

grade powder of NiO, ZnO, Y2O3 and Fe2O3 with purity of     

98% were taken as reactant. The method deals with 

grinding, calcination, sintering etc. At first all the reactants 

were taken in a mortar for crushing, grinding as well as 

milling with appropriate homogenization for 6 hours. Then 

all the samples were carried out for calcination at 850
o
C. 

The calcined powders were crushed again to prepare fine 

powders. Then the pellet shaped samples were prepared 

using die-punch assembly of Hydraulic press by applying 

uniaxial pressure of 20MPa. The pellet shaped samples 

were taken for sintering operation at 1150
o
C for 3 hours in 

order to bond the particles together with sufficient strength 

as well as to densify the grain compacts by eliminating the 

pores and thus to complete the reactions left unfinished in 

the calcination step.  

All the samples were then carried out for various 

characterizations. The X-ray diffraction pattern for both 

undoped and Y doped samples were found by Philips 

X’pert pro powder X-ray diffractometer. The detail of 

surface morphology was observed by Scanning Electron 

Microscope (SEM). The field dependent magnetization as 

well as Hysteresis loops of all the samples were found from 

Vibrating Sample Magnetometer (Model: EV-9, 

MicroSense LLC, USA). 

III. Results and Discussion 

Structural Analysis 

The structural phenomenon including phase identification, 

site occupancy etc. are shown in X-ray diffraction pattern of 
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Ni0.25 Zn0.75YxFe2-xO4 [x= 0.00, 0.02, 0.04, 0.06 and 0.08] in 

Fig. 1(a). Expected crystallization along with well-defined 

peaks are found for both undoped and Y doped specimens. 

The indexed XRD planes are found at (111), (220), (311), 

(222), (400), (422), (333), (440). It is clear from here that, 

all the indices are either even or odd which confirms the 

evolution of fcc type cubic spinel structure
11,12

. The small 

secondary peak of YFeO3 can be found for the Y
3+

 doped 

samples from x = 0.06-0.08 that are presented as * in Fig. 

1(a). The formation of unexpected secondary phase is due 

to its chemical kinetics of its formation
13,14

 while preparing 

by solid state reaction method. 

The trend of left shifting of XRD peaks with the increase of 

Y
3+

 doping can be observed in XRD patterns. Fig. 1(b) 

exhibits the shifting of (311) plane to the left direction from 

the position of the peak of undoped sample. Basically, this 

plane shifting occurs maybe due to the change in chemical 

composition or due to strain as well as d-spacing i.e., lattice 

parameter
15

. This lattice parameter was determined by 

applying Nelson- Riley function (N-R function) denoted as 

F(q)
16

, where 

F(q) = 
 

 
(
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Fig. 1. (a) The XRD patterns for x= 0.00, .0.02, 0.04, 0.06 and 

0.08; (b) The X-ray shifting of (311). 

(a)

 

(b)

 

(c)

 

Fig. 2. Variation of (a) lattice parameter,  (b) X-ray density vs. 

Bulk density and (c) Bulk density vs. Porosity of 

Ni0.25Zn0.75YxFe2-xO4 [x= 0.00, 0.02, 0.04, 0.06 and 0.08]. 

The variation of lattice parameter with respect to the 

concentration of Y
3+

 element is shown in Fig. 2(a). It can be 

seen here that, with the increase of Y
3+

 doping peaks shift 

toward the left direction and the lattice parameters show 

increasing tendency. Here the ionic radius of Y
3+ 

(0.1011 

nm) is quite greater than the ionic radius of Fe
3+

 (0.063 nm) 

which may be responsible for the left shifting of XRD 

peaks
15,16

 and this angle shifting is a clear indication of the 

shrinkage of unit cell volume of the Y doped samples.  
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Fig. 3. SEM micrographs and the respective histograms of Ni0.25Zn0.75YxFe2-xO4 [(a) x = 0.00, (b) x=0.02, (c) x=0.04, (d) x=0.06 and (e) 

x=0.08] composites sintered at 1150 °C temperature. 
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The variation of bulk density (ρB) and X-ray density (ρx) are 

presented in Fig. 2(b). Basically, the bulk density was 

observed by following the usual mass and dimensional 

consideration whereas the X-ray density is the observation 

that was found from the molecular weight and volume of 

each sample. The porosity (P) or void fraction is a measure 

of the empty spaces in a material which is inevitable during 

the process of sintering of oxide materials. The respective 

equation for ρB, ρx and P are provided below
17

 

   
 

 
  = 

 

    
 (2) 

and               
  

   
  (3) 

and            (  
   

   
)       (4) 

Initially, ρx shows the decreasing phenomenon and after a 
while it increases.  This variation of ρx is analogous to the 
inverse relation with the variation of Bulk density. The ρB 
initially decreases and then starts to increase which is 
similar as the inverse relation of the variation of porosity 
that is shown in Fig 2(c). This observed decreasing 
tendency of ρB in 2% Y-doped sample may have resulted 
due to the irregular grain growth

18
. Whereas, the 

significance difference in atomic weights of initial iron and 
substituted yttrium cations (Y

3+
 (83.906 amu) > Fe3

+
 

(55.845 amu)) may have caused the increase of ρB in 4% 
and 6% Y-doped samples. Again, during the densification 
process, grain growth starts stimulating discontinuously and 
thus, the inter-granular porosity is diminished. This may 
have contributed toward the increase of bulk density and 
consequently caused the decrease in porosity.  

Morphological Studies 

The surface morphology, microstructure and hence the 

average grain size distribution of Ni0.25Zn0.75YxFe2-xO4 with 

various amounts of Y
3+

 were carried out using SEM 

imaging. The SEM micrographs and their corresponding 

histograms of all the samples reflect a clear role of Y
3+

 

substitution on modifying grain size and it also 

demonstrated a dense microstructure marked with little 

trapped porosity compared to the microstructure of undoped 

sample (x=0.00). As observed from Fig. 3(a) the average 

grain size of undoped sample was measured to be ~ 0.477 

µm. Substitution x= 0.02 of Y
3+

 at Fe- site within Ni-Zn 

ferrites improved its surface morphology with increased 

average grain size of 1.026 µm. The SEM image of this 

compound also reveals that the microstructure is dense 

enough but contains non-uniform grains, indicating 

polycrystalline nature of this composition. On further 

increment of Y
3+

 substitution up to x=0.06 concentration in 

Ni-Zn ferrites, the grain size (Fig. 4) of the samples 

continues to increase but then it starts to decrease for 

x=0.08 substitution. 

In this study, the sintering temperature of the synthesized 

ferrites is much lower compared to the melting temperature 

of Y2O3 which is 2410 °C. Because of this huge difference 

in melting point and the sintering temperature, the 

replacement of Fe
3+

 ions in B-sites by Y
3+ 

ions increase the 

metallic ion vacancies in vicinity so as to balance the 

electric charges near the grain boundary region. 

Consequently, this behavior makes it easier for the ions to 

diffuse and therefore speed up the grain boundary 

movements which results in promoting the grain growth
19, 

20
. Moreover, it was demonstrated in an earlier investigation 

that the introduction of Y
3+

 ions induces the appearance of 

yttrium iron garnet (YIG) structure which assembles near 

the grain boundary region as solid solution. This behavior 

leads to the enhancement of oxygen vacancies which can 

perform as the material transportation path for the further 

advancement of the grain sizes in ferrites
21

.  

The existence of secondary phase of YFeO3 as formerly 

observed from XRD patterns is clearer here in all the SEM 

micrographs which illustrate the presence of small particles 

that are segregated at the grain boundaries and formed a 

continuous phase surrounding the grains.  

 

Fig. 4. The variation of grain size with the increasing Y substitution. 

Magnetic Characterization 

To inspect various magnetic phenomena like saturation 

magnetization (Ms), coercivity (Hc) and remanent 

magnetization (Mr) the hysteresis loops were taken for both 

undoped and Y
3+

 doped samples by applying maximum 

field of 10 kOe. In our investigation, according to Fig. 5, all 

the samples have shown well saturated hysteresis loops 

which indicates the existence of soft ferromagnetism 

behavior in undoped and Y-doped Ni0.25Zn0.75YxFe2-xO4 

crystals. The influence of Y
3+

 substitution causes 

remarkable changes on these magnetic parameters that are 

shown in Table 1. From Table 1, it is distinctly visible that 

for the undoped sample with x=0.00 the saturation 

magnetization is found to be 42 emu/g and the remanent 

magnetization is 4 emu/g, which are highest among all the 

samples. In a recent study, the initially observed values of 

Ms and Mr (for undoped sample) have shown this similar 

decrement with the increasing Mn doping in 

Ba0.4Ca0.4Sr0.2MnxTi1-xO3 crystal
22

. Another investigation 
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conducted by Nahar et al. on La
3+

 doped Cu-Zn Ferrite 

reported that with the increasing doping (La
3+

) element all 

the magnetic parameters start to decrease
17

. These 

observations suggest that the magnetization in Y-doped 

composites is hard to realize since the spontaneous 

magnetization of the specimens comes from unbalanced 

antiparallel spin and that give rise to net spins other than 

those induced from the structural distortion
22

. 

 

Fig. 5. Hysteresis loops (M-H curve) of Ni0.25Zn0.75YxFe2-xO4 [x= 
0.00, 0.02, 0.04, 0.06 and 0.08]. 

Table 1. Saturation magnetization (Ms), coercivity (Hc) 

and remanent magnetization (Mr) of Ni0.25Zn0.75YxFe2-

xO4, [ x = 0.00, 0.02, 0.04, 0.06, and 0.08] ferrites sintered 

at 1150°C holding time 3 hours. 

Content 
x 

Ms 

(emu/g) 
Hc 

(Oe) 
Mr 

(emu/g) 

0.00 42 42 4 

0.02 36 36 4 

0.04 35 35 4 

0.06 28 28 3 

0.08 27 26 3 

However, the coercivity Hc also exhibits same decreasing 

phenomenon. All samples exhibited low coercivity in the 

range of ~27 to 42 Oe values indicating that all the samples 

belong to the family of soft ferrites. In general, the 

coercivity is linearly dependent on the magnetic anisotropy 

and de-magnetization factor. The decrease in coercivity 

with the increasing Y
3+

 is maybe due to the increase of 

grain boundaries which may cause the leading of a rise in 

pinning sites for the spins and therefore reduces 

coercivity
23

. This magnetization process is connected with 

soft magnetic behavior of magnetic material. The slow 

process of magnetization toward the saturation value is 

connected with the magnetic anisotropy effect
24-26

. 

Conventionally, doping accompanies grain growth and that 

is responsible for the decreases of magnetization due to the 

decrease of Fe content. There is a large change in the 

magnetic state due to cation distribution. The 

superexchange interaction between iron ions in tetrahedral 

and octahedral sites leads to the ordering in magnetic 

moment
25

.  

III. Conclusion 

Polycrystalline Ni0.25Zn0.75YxFe2-xO4, [x = 0.00, 0.02, 0.04, 

0.06 and 0.08] composites were synthesized by 

conventional solid-state reaction method and sintering 

process was carried out at 1150
o
C for 3 hours. The XRD 

patterns demonstrate the formation of fcc type cubic spinel 

structure with the existence of secondary phase for 6 to 8% 

Y doped (x=0.06-0.08) samples. The SEM micrographs of 

all the samples provide the information that the grain size 

increases with the increase of Y
3+

 doping. The field 

dependent hysteresis curves ensure the formation of 

ferromagnetic behavior for all the samples. With Y
3+ 

doping, the variation of the distribution of Fe
3+

 in various 

sites, magnetocrystalline anisotropy, grain size, crystal 

defects, imperfection in lattice etc. may be responsible for 

the variation of saturation magnetization (Ms), coercivity 

(Hc) and remanent magnetization (Mr). 
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