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The Ni-Cr-substituted M-type Strontium Hexaferrite such as SrFe12-2xNixCrxO19, with x = 
0.2, 0.4, 0.6, 0.8 mol% has been successfully prepared by the sol-gel process. The ferrites 
were systematically investigated by using powder X-Ray diffractometer (XRD), High 
Resolution Scanning Electron Microscope (HR-SEM) and Vibrating Sample 
Magnetometer (VSM).  The XRD analysis confirms the single phase and lattice constants 
(a and c), have been calculated from the XRD data using powderX software. The lattice 
parameter was found to increase with increasing nickel-chromium concentration. Values 
of coercivity are found to increase up to the substitution level of x = 0.0-0.2 and then 
decrease slightly while that of saturation decrease continuously with increase in Ni-Cr 
concentration. 
 
(Received December 24, 2013; Accepted February 19, 2014) 
 
Keywords: sol–gel; scanning electron microscopy (SEM); ceramics; magnetic properties 
 
 
1. Introduction 
 
M-type SrFe12O19 (SrM) with magnetoplumbite structure have extensive applications as 

materials for permanent magnets, high density recording media, telecommunication, magneto 
optical and microwave devices [1, 2]. The M-type ferrite crystallizes in a hexagonal structure with 
64 ions per unit cell on 11 different symmetry sites. The 24 Fe3+ atoms are distributed over five 
distinct sites: three octahedral sites (12k, 2a and 4f2), one tetrahedral (4f1) site and one trigonal 
bipyramidal site (2b). At high frequencies, hexaferrites are considered superior to other magnetic 
materials because they have low eddy current loss and high electrical resistivity.  

The electrical, dielectric and magnetic properties of hexaferrites depend upon the method 
of preparation, composition and the distribution of the substituted cations at the five 
crystallographic sites. The advantage of the chemical route is that it requires only a lower 
calcination temperature in the crystallization process. The sol-gel method is has many advantages 
in the chemical route like lower annealing temperature necessary in the crystallization process and 
the crystal growth of particles is easier to control by varying the heat treatment. Several cations, 
such as Cr3+, Al3+, Ga3+, In3+ and cation combinations such as La3+–Co2+, Gd3+–Co2+, Nb4+–Zn2+, 
Ir4+–Zn2+, Sm3+–Co2+, Ti4+–M2+ (M=Mn, Ni, Zn, Co) and Zr4+–M2+ (M=Mn, Ni, Cu and Zn) have 
been attempted by several researchers [3-9] in order to improve the magnetic and electrical 
properties of Sr hexaferrite. In this paper, we report the structural changes (Grain size and cell 
constants) that may occur due to substitution of Ni-Cr and also the effect on the magnetic 
(saturation magnetization and coercivity) properties of the materials synthesized by the sol-gel 
method.                     
_________________________________                                                   
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2. Experimental details 
 
The polycrystalline M-type hexaferrites having the following formula SrFe12-xNixCrxO19, 

with x = 0, 0.2, 0.4, 0.6 and 0.8 were prepared by sol-gel technique starting from metal nitrates and 
D-Fructose. Calcined powder was compacted in a disc shape and it was subjected to thermal 
treatments at 1150°C for 3 h.  After treatment, the mass and dimensions of the disks were 
measured to determine the bulk density (ρ = m/V). The structural analysis of the pellet was done 
by X-ray diffraction (XRD) using a Philips diffractometer and CuKα radiation. The patterns were 
taken between 20° to 80° with a step of 0.025°. Different parameters such as lattice constants (a 
and c), are calculated from the XRD data using powder X software. The microstructure of the 
sintered disc was analyzed using High resolution Scanning Electron Microscope (HE-SEM).  A 
vibrating sample magnetometer (VSM) Lakeshore 7304 was used to measure the magnetic 
properties of sintered specimen at room temperature with a maximum applied field of 15000 
Gauss. 

 
3. Results and discussion 
 
The XRD patterns of sintered SrFe12–2xNixCrxO19 samples with x = 0.0, 0.2, 0.4, 0.6 and 

0.8 are as shown in Fig. 1. The observed diffraction lines were found to correspond to those of the 
standard pattern (ICSD- 84-1531) of the strontium hexaferrite with no extra line, indicating 
thereby that the samples have a single phase hexagonal structure and no unreacted constituents 
were present in these samples. The amount of Ni and Cr substituted in the synthesized materials is 
found to be less than the actual amount added to the system. The lattice parameters ‘a’ and ‘c’ 
show that the values of ‘a’ remain almost constant but the values of ‘c’ increase by increasing the 
Ni-Cr content, x, as shown in Table 1. It indicates that the change of the main axis (c-axis) is 
larger than that of a-axis for the substitution with Zn-Nb ion. This is attributed to larger ionic radii 
of the dopants viz. Ni2+ (0.69 A°) and Cr4+ (0.52 A°) than that of Fe3+ (0.64 A°). This is in 
agreement with the fact that all hexagonal ferrites exhibit constant lattice parameter ‘a’ and 
variable parameter ‘c’ [10]. 

 

 
 

Fig. 1 XRD pattern of samples sintered BaFe12-2xNixCrxO19 with different doping concentration 
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Magnetism in ferrite originates from the net magnetic moment of ions with spin up and 
spin down in sublattice sites. The magnetic properties such as saturation magnetization (Ms) and 
coercivity (Hc) were calculated for all the sintered samples from the hysteresis loops as shown in 
Fig. 3. The magnetic properties such as saturation magnetization (Ms) 68.57 Am2/kg,       42.31 
Am2/kg and coercivity (Hc) 5898.35 Gauss are evaluated for the lower substituted (0.2 mol%) 
samples from the hysteresis loops as shown in Fig. 3.  Clearly, Coercivity increase up to 0.2 and 
then decrease while Magnetic saturation decreased continuously with increasing Ni-Cr content. 
The behavior of these properties can be explained on the basis of the occupation of doped cations 
at different sites in the hexagonal structure of the ferrite. 

Ni2+ and Cr2+ ions occupying different sites in the Fe3+ sub lattices based on the previous 
research report [13]. From this report, Ni2+ ions replace Fe3+ ions at the 4f2 site for x ~ 0.1, and at 
the 12k site for higher values of substitutions. With increasing Cr content, the saturation 
magnetizations deduce from law of approach to saturation decrease but coercivities increase. The 
magnetizations are closely related to distribution of Cr3+ ions on each crystallographic site and 
then magnetic dilution or noncollinear structure (spin canting) with the substitution of Fe3+ ions by 
the lower magnetic moment ions. It is clear that the Cr3+ ions distribute on spin up Fe sites known 
as 12k and 2a. Furthermore, the enhancement of coercivities is due to fine grain sizes. 
 
 

 
Fig. 3 The specific saturation magnetization (Ms) and the coercivity (Hc) of the samples 

sintered BaFe12-2xNixCrxO19 as a function of substitution content ‘x’ mol% at room 
temperature 

 
4. Conclusion 
 
Hexagonal ferrite SrFe12-xNixCrxO19 was prepared by the sol-gel route and the structure 

and magnetic properties was investigated. The crystal structure of strontium hexaferrite with small 
substitutions still remains a hexagonal magnetoplumbite phase. The average size of hexagonal 
platelets obtained by HR-SEM photographs tends to increase with respect to Ni-Cr content. 
Changing the substitution rate ‘x’ mol%, the coercivity could be easily controlled without a 
significant reduction of Ms at lower substitution level. The results show that the magnetic 
properties are closely related to the distributions of Ni2+-Cr3+ ions on the five crystallographic 
sites. The change in magnetic parameters results in possible use of substituted ferrite for 
permanent magnet at low level substitution. 
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