
IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 8 Issue 3, March 2021  

ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72 

www.ijiset.com  

492 
 

Magnetic Properties of MgZnRxRTiRxRFeR2-2xROR4R 
System synthesized by Solid-State Reaction 

Method 
 

S.V. Kshirsagar P

1
P, C. M. Kale P

2
P*, P. R. Maheshmalkar P

1
P, S.J. Shukla P

3
P, K. M. Jadhav P

4
P  

 
P

1
PDepartment of Physics, Mrs. K. S. K. College, Beed 

P

2
PDepartment of Physics, Indraraj Arts, Commerce and Science College, Sillod, Aurangabad  

P

3
PDepartment of Physics and P. G. Research center, Deogiri College, Aurangabad 

P

4
PDepartment of Physics Dr. Babasaheb Ambedkar Marathwada University, Aurangabad 

 (M. S.) India -431004 
 

*Corresponding author: cmkale1973@gmail.com 
Abstract  
 In this work, we have focused on the structural and magnetic properties of 
MgZnRxRTiRxRFeR2-2xROR4R (from x=0.1 to 0.6 in the step of 0.1) spinel ferrite. The samples were 
synthesized by solid-state reaction method and were characterized by X-ray diffraction 
(XRD) technique to confirm the formation of single-phase cubic spinel structure. XRD data 
used to investigate the lattice constant. It is observed that, the lattice constant increases with 
Zn and Ti concentration ‘x’. The magnetic properties were measured with the help of the 
pulse-field technique. These magnetic properties like saturation magnetization (MRsR), 
magneton number (nRBR) both decrease with an increase in Zn, Ti concentration 'x'. The 
observed and calculated magneton numbers are agreed to close each other for x = 0.0 - 0.3. 
The discrepancy in magneton number values is observed for the sample x > 0.3 suggesting 
the canted spin structure of the samples. Curie temperature was determined by Loria 
techniques and it decreases with the substitution of Zn, Ti concentration 'x'. 
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1. Introduction 

Technological advances in a variety of areas have generated a growing demand for 
the research and application of magnetic materials such as ferrites in devices [1-3]. Ferrites 
have many applications in high-frequency devices, and they play a useful role in 
technological and magnetic applications because of their high electrical resistivity and 
sufficiently low dielectric losses over a wide range of frequencies. The first use of ferrite 
materials in a power application was to provide the time-dependent magnetic deflection of 
the electron beam in the television receivers where the two ferrite components used were the 
deflection yoke and flyback transformer. Magnetic ferrite materials have been drawing much 
attention because they show unique features such as quantum size effects and magnetic 
tunneling. They are also important for technological applications, not only in high-density 
magnetic recording systems but also as a material in the medical field. We studied the 
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magnetic properties of Ni–Zn ferrite nanoparticles and found remarkable characteristics [4]. 
The general chemical formula of ferrite possessing the structure of the mineral spinel, 
MgAlR2ROR4R is MFeR2ROR4R. The presence of FeP

3+
P, FeP

2+
P, Ni P

2+
P, and MnP

2+
P can be used to provide the 

unpaired electron spins. Other divalent ions such as MgP

2+
P or ZnP

2+
P (or monovalent ions such as 

Li P

+
P) are not paramagnetic but affect the FeP

3+
P ions on the crystal lattice sites to provide or 

increase the magnetic moment. 
The compound MgFeR2ROR4R is a partly inverted spinel (x =1/3 and y=2/3), which 

behaves as a collinear ferrimagnet. When the B sites are diluted by Ti, according to the 
Monte-Carlo simulation of Scoll and Binder [5], it has been observed that the electrical 
resistivity is markedly changed by controlling the firing temperature, atmosphere, and 
appropriate type and amount of substituent [6, 7]. The (FeRxRMgR1-xR) (FeR2yRMgR2-2yRTiRtR) OR4R system 
was already studied by magnetic and Mössbauer measurements [8]. An understanding of the 
mechanism involved in the changes brought about by the addition of substituents provides 
useful information for the specific application. Abbas et al. [9] studied MgRx+1RTiRxRFeR2-2xROR4R 
ferrite and found that the compound has a spinel structure. Joshi et al [10] studied the Zn 
substituted MgFeR2ROR4R and found interesting results on susceptibility, magnetization, and 
Mössbauer. The combined effect of Zn and Ti on the properties of Mg ferrite is not reported 
in the literature. So, this paper, reports the synthesis of Mg–ferrite and, the magnetic behavior 
of MgZnRxRTiRxRFeR2-2xROR4R ferrite was carried out to discuss the role of Ti P

4+
P and ZnP

2+ 
Pions 

substitution. 
 

2. Experimental details 
 The samples of MgZnRxRTiRxRFeR2-2xROR4R spinel ferrite systems with varying x from 0.0 to 
0.6 in the step of 0.1 were synthesized by double sintering solid-state reaction method. 99.9 
% AR grade oxides of magnesium, zinc, titanate, and ferric were used for the preparation of 
MgZnRxRTiRxRFeR2-2xROR4 Rferrite samples. The pre-sintering and final sintering of the samples were 
carried out at 950P

0
PC and 1100 P

0
PC respectively for 12 hours in a muffle furnace. The samples 

were furnace cooled to room temperature and then the prepared samples were used for 
further investigations.  
 All the steps involved in the preparation of ferrites by solid-state reaction method are 
shown in the following Fig.1.  

 

 
Fig.1. Preparation of ferrite material by solid-state reaction method 

 
 The samples were initially characterized by powder X-ray diffraction technique and it 
has been employed at room temperature. The XRD patterns were recorded in the 2θ range of 
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20P

0
P-80P

0
P using Cu-KRαR radiation. The magnetic properties were measured using the pulse-field 

technique provided by Magneta Company.  
 
3. Results and discussion 
3.1. X-Ray diffraction 

Room-temperature X-ray diffraction (XRD) patterns of all samples of the ferrite 
system MgZnRxRTiRxRFeR2-2xROR4R are depicted in Fig. 2. All the XRD patterns are clean and do not 
contain any impurity phase. All the peaks in the XRD patterns are assigned by the (hkl) 
values. The XRD pattern clearly shows the presence of all these reflections belongs to the 
cubic spinel structure. All these peaks shift towards the right side due to the substitution of 
Zn and Ti ions. This is confirmed by the change in the interplanar spacing values. The values 
of interplanar spacing ‘d’ are used to determine lattice constant ‘a’ (Table 1) of the spinel 
ferrite system. The lattice constant increases with the co-substitution of Zn and Ti ions. In the 
present series of MgZnRxRTiRxRFeR2-2xROR4,R 2FeP

3+
PR Rions are replaced by combinations of divalent 

ZnP

2+
P ions and tetravalent Ti P

4+
P ions. The average ionic radii of Zn P

2+
P and Ti P

4+
P is quite large than 

that of FeP

3+
P ions and hence the substitution of Zn, Ti ions in place of FeP

3+
P ions causes the 

increase in lattice constant of the system MgZnRxRTiRxRFeR2-2xROR4R. In Zn substituted MgFeR2ROR4R 
lattice constant increases with Zn substitution. Similarly in Ti substituted MgFeR2ROR4R [11] 
lattice constant increases. With co-substitution of Zn and Ti the lattice constant of the 
MgFeR2ROR4R spinel ferrite also increases.  

 
Table.1  

Lattice constant and Magnetization Parameters of the system of MgZnxTixFe2-2xO4 ferrite 
system 

 

0BComp. 
x 

1BLattice 
Constant 

2B‘a’ (Å) 

3BMagnetization Parameter 
4BMagneton 

Number ‘nB’ 5BY-K 
angle 
‘θYK’ 

TRcR by 
Loria 
Tech. 6BMr 

(emu/gm) 
7BMs 

8B(emu/gm) 
9BHc 

(Oe) 
Obs. 10BCal. 

11B0.0 12B8.37 13B08.29 14B32.24 15B084.06 1.15 16B1.00 17B00 665 

18B0.1 19B8.39 20B00.47 21B51.71 22B023.37 1.85 23B1.00 24B00 646 

25B0.2 26B8.40 27B05.09 28B49.20 29B005.37 1.76 30B1.50 31B00 643 

32B0.3 33B8.42 34B00.23 35B18.22 36B017.52 0.65 37B2.00 38B31.81 641 

39B0.4 40B8.43 41B00.12 42B00.85 43B554.44 1.46 44B2.50 45B18.57 632 

46B0.5 47B8.45 48B12.76 49B52.90 50B033.23 1.09 51B3.00 52B30.64 626 

53B0.6 54B8.46 55B00.01 56B13.08 57B006.72 1.17 58B3.50 59B32.49 606 
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Fig.2. X-ray diffraction patterns of MgZnRxRTiRxRFeR2-2xROR4 Rferrite system 

  
3.1. Magnetization 

The saturation magnetization MRsR and magneton number (nRBR) the saturation 
magnetization per formula unit in µRB Rwas obtained using pulse-field hysteresis loop 
technique.  

Fig. 3 represents the typical M-H plots for the compositions x = 0.1 and x = 0.2 were 
recorded at room temperature. All these hysteresis loops exhibit ferrimagnetic behavior 
which reduces by the addition of non-magnetic Zn, Ti ions. These M-H plots are used to 
obtain the values of coercivity (Hc), remanent magnetizations (Mr), etc, and the values are 
presented in Table 1. 

The values of the magneton number are given in Table 2. It can be seen from the table 
that magneton number and saturation magnetization both decrease with Zn, Ti concentration 
x. The compositional variation of magneton number is shown in Fig.4, it shows that 
magneton number nRBR initially increases and then decreases with concentration x. To 
understand the typical behavior of the magneton number Neel's model has been applied. 
According to Neel's two sub-lattice models of ferrimagnetism magneton number, nRBR is given 
by the difference in the magnetic moment of tetrahedral A and octahedral B site i.e  

nRB R= MRB R- MRAR.         
The MRBR and MRAR denote the magnetic moments of B and A sites respectively. The 

magnetic moments of A and B sites are calculated by taking the ionic magnetic moments of 
FeP

3+
P, Ti P

4+
P, ZnP

2+
P, MgP

2+
P as 5 µRBR, 4µRBR, 0µRBR, 0µRB Rrespectively. Using the cation distribution 

formula the Neel's magnetic moments were calculated. The observed and calculated magnetic 
moment agrees close to each other for x=0.0 to x = 0.3. For x > 0.3 it differs from each other 
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indicating the existence of canted spin structure at octahedral B site. Thus Neel's model is 
applicable only up to x = 0.3. To understand the magnetic behavior above x = 0.3 Yafet-
Kittel model was applied. According to Yafet-Kittel, the magnetic moment is given by the 
relation  

nRB R= MRB RcosαRYKR – MRAR  
The values of Y-K angles determined using the above relation are also given in Table 

1. The Curie temperature (TRcR) was also determined using Loria technique. The values of 
Curie temperature obtained by the Loria technique are nearly in good agreement [12] with the 
values of Curie temperature deduced from susceptibility plots. The decrease in Curie 
temperature with an increase in zinc and titanium concentration x is related to a decrease in 
magnetic linkages associated between tetrahedral A and octahedral B sites.  

 
Fig. 3: Variation magnetic field strength with magnetic moments for MgZnRxRTiRxRFeR2-2xROR4R 
system. (Typical sample x = 0.1 and 0.2) 

 
Fig.4:Variation magnetic field strength with magnetic moments for MgZnRxRTiRxRFeR2-2xROR4R 
system 

 
4. Conclusions 
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 The experimental results on the system MgZnRxRTiRxRFeR2-2xROR4R led us to conclude. 
 The analysis of X-ray diffraction patterns revealed the formation of single-phase 
cubic spinel structure of all the samples under investigation. The lattice constant increases 
with an increase in Zn, Ti concentration ‘x’.The saturation magnetization (MRsR), magneton 
number (nRBR) both decreases with increase in Zn, Ti concentration ‘x’. The observed and 
calculated magneton numbers agree close to each other for x = 0.0 – 0.3. The discrepancy in 
magneton number values is observed for x > 0.3 suggestings canted spin structure of the 
present samples. Curie temperature determined by various techniques is in good agreement 
with each other and decreases with the substitution of Zn, Ti concentration 'x'. 
 
References: 
1.  Philip Shepherd, Kajal K. Mallick, Roger J. Green, J. Magn. Magn. Mater. 311 (2007) 

83 
2. J.H.Liu, L.Wang F. S. Li. J. Mater. Sci. 28(1993)1793 
3.  E.Kester, B.Glliot, J.Phys.Chem.Solids 59(1998)1259 
4.  B. Parvatheewara Rao, K. K.Rao, J.Mat.Sci 32(1997)6049 
5.  F. Scholl, K. Binder, Z. Phys. B. 39 (1980) 239 
6.  Sonal Singhal, Kailas Chandra. J. of Solid state chem 180 (2007) 296  
7.   A. K. Ghatage and S. A. Patil, Solid State Comm. 98 (1996) 885  
8.  N.A.Eissa and A.A.Bahgat, Hyperfine interaction 5 (1978)137. 
9.   Y. Abbas, M. A. Ahed, M. A. Semary, J. Mater. Sci. 18 (1983) 2890 
10.  H. H. Joshi, R. G. Kulkarni, J. Mater. Sci. 21 (1986) 2138 
11.  M.Aamer, M. El. Hiti. J. Magn. Magn. Mater. 234 (2001)118 
12.  Y. Ichiyanagi, M. Kubota, S. Moritake, Y. Kanazawa, T. Yamada, T. Uehashi. J. Magn. 

Magn. Mater. 310 (2007) 2378  
 

 

http://www.ijiset.com/

	32.49
	3.50
	006.72
	13.08
	00.01
	8.46
	0.6
	30.64
	3.00
	033.23
	52.90
	12.76
	8.45
	0.5
	18.57
	2.50
	554.44
	00.85
	00.12
	8.43
	0.4
	31.81
	2.00
	017.52
	18.22
	00.23
	8.42
	0.3
	00
	1.50
	005.37
	49.20
	05.09
	8.40
	0.2
	00
	1.00
	023.37
	51.71
	00.47
	8.39
	0.1
	00
	1.00
	084.06
	32.24
	08.29
	8.37
	0.0
	Cal.
	Hc (Oe)
	(emu/gm)
	Ms
	Mr (emu/gm)
	Y-K angle ‘θYK’
	Magneton Number ‘nB’
	Magnetization Parameter
	‘a’ (Å)
	Lattice Constant
	Comp. x
	Table.1
	Lattice constant and Magnetization Parameters of the system of MgZnxTixFe2-2xO4 ferrite system

