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Abstract 
Bismuth doped Nickel Aluminium ferrite NiBixAlyFe2-(x+y)O4 (where x= 0, 0.025, 0.050, 0.075, 
0.1, 0.15) and (y=0.1, 0.2, 0.3, 0.4, 0.5)Nanoparticles were synthesized at low temperatures using a easy, cost-effective acting refer 
sol-gel auto oxidation. The standard softness of nickel aluminium ferrite is a big amount of use. Nickel Bismuth Aluminium ferrite is 
get soft ferrite. The existing job is to survey the knowledge and magnetic place of Bi doped Nickel Aluminium nano-ferrite the 
synthesized samples. To obtain the parameters of hysteresis, the VSM was used. With changes in the Bi percentage, the magnetic 
property of the ready samples shows important effect. Spinel ferrite is confirmed from FTIR. 
 
Keywords: Sol-gel; Ni-Bi-Al nanoferrite; XRD; VSM; FTIR etc. 

 
1.Introduction 
 
In the shape of collisions, powders, clusters, rods, wires, and thin films, a wide range of techniques are required to 
synthesize various forms of nanomaterial[1]. Nanomaterial preparation divided into two wide top-down and bottom-up 
spectrums, each of which has two physical and wet chemical paths. The nearly big parameters for the activity of 
nanoparticles are the correct size, well-scattered particles with a small size distribution, equiaxial particle structure, full 
status, and uniform mixture. Many wet-chemical approaches have the typical characteristic of atomic or molecular scale 
mixing of materials. Any of the non-conventional methods are a acting of sol-gel, the procedure of co-precipitation, 
acting of precursor, acting of combustion, hydrothermal, drying by spray. From Etc[2]. 
 
1.1 Sol-gel auto combustion Process 
 
All the samples were processed using the auto combustion methodology of Sol-gel in the current work. For the 
combustion phase, oxidizing metal salts and combustion fuel are important in the Sol-gel auto combustion method. As 
oxidizing salts and combustion fuel for all of the sample preparations, metal nitrates and citric acid were in use. Both 
chemicals had an analytical reagent of high purity and were used without further purification. For the analysis of 
ultrafine hexaferrite powders, the Sol-gel auto oxidation process has been shown to be an super simple, time-saving and 
energy-efficient path[3]. 
 
1.2 Principle 
 
The gelling and eventual burning of an liquid solution containing salts and organic fuel is the basis of the Sol-gel 
process. As starting ingredients, oxidizing metal salts such as metal nitrates and a burning fuel such as citrate acid, 
polyacrylic acid, or urea are used. Citric acid is ideal for receiving precursors of change metal oxides due to the strong 
potential of chelating metallic ions and too low temperatures of decomposition. During the initial stage of the preparation 
process, this approach uses a solvent, since the reactants are well-dispersed to have a homogeneous reaction mixture in a 
much higher reactive state. Organic fuel plays an of import role in the combustion reaction; it forms complexes with 
metal ions that prevent hydroxylated compounds from precipitating. It is possible to understand combustion as a 
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thermally mediated redox reaction. The energy from the exothermic reaction may be strong enough to create fine 
particles between the oxidant and the reductant[4]. 
 

          
 
 

Fig .1.Sol-gel process of synthesis of nanomaterials 

2.Experimental Procedure 
 
2.1 Materials 

In tests, the raw material used is analytical grade nitrate, i.e. Nickel nitrate, aluminium nitrate, bismuth nitrate, 
ferrous nitrate and citric acid are used as a 1:3 ratio fuel given by Merck with a purity of ~99 percent without 
further synthesis purification as a starting source. 

 
Table (1) : Basic information of materials. 

 
Chemical reaction:- 

 
 Ni(NOR3R)R2R).6HR2RO+Al(NOR3R)R3R.9HR2RO+Bi(NoR3R)R3.R5HR2RO+Fe(NOR3R)R3R.9HR2RO+3CR6RHR8ROR7R                                   NiBiAlFeR2ROR4 
 

2.2 Preparation 
 

The stoichiometric amounts of Nickel nitrate.Aluminium nitrate, Bismuth nitrate and ferric nitrate  were melted 

in 100ml plowed water under magnetic agitation. Then citric acid was mixed in the metal nitrate solution to 

chalet NiP

2+
P, AlP

3+
P, BiP

3+
Pand Fe P

3+
P ions in the mixture. The molar ratio of citric acid to total moles of nitrates was 

kept up at 1:3. A little assets of ammonia was added drop-wise into the mixture to set pH value to about 7 and 

change the nitrate-citrate mixture. The mixture was gaseous by intense agitation and heat for 1 hour at 100˚C 

Chemicals Molecular Formula Molecular Weight 
(g/mol) 

Nickel nitrate Ni(NOR3R)R2R).6HR2RO 182.703 
Aluminium nitrate Al(NOR3R)R3R.9HR2RO 212.996 

Bismuth nitrate Bi(NoR3R)R3.R5HR2RO 485.07 
ferric nitrate Fe(NOR3R)R3.R9HR2RO 404.00 
Citric Acid CR6RHR8ROR7 192.13 
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pH=7 by 
ammonia liquid 

Sintering 4000C for 4hrs 

NiBiAlFe2O4(Powder) 

Characterizations 

Fe(NO3)3.9H2O Bi(No3)3.5H2O Al(NO3)3.9H2O Ni(NO3)2.6H2O 

NiBiAlFe2O4(Ash) 

Gel  

Solution 

C6H8O7 

and kept at this temperature until the sol inverted into a gel. The gel was then heated at 150˚C for auto-

oxidation to take place. The ensuant powder is broken in an agate mortar to get the nano ferrite atom and was 

sintered at 400˚C for 4 hours. Heat treatment was carried out to promote crystallization. BiP

3+
P substituted 

NiAlRyRFeR2ROR4R ferrite with a chemical formula NiBiRxRAlRyRFeR2-x+yROR4 R(where, x =0, 0.025, 0.050, 0.075,0.1, 0.15) and 

(y=0.1, 0.2, 0.3, 0.4, 0.5) have been combine via sol-gel method.  

 
 

 
 

Fig. 2. Flow Diagram of Synthesis of NiBiAl ferrite through Sol-Gel Auto-combustion synthesis

http://www.ijiset.com/


 

Image 1. Ash Formation NiBixAlyFe2-x+yO4 material By Using Sol-GEL Method 
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3.Results And Discussion 
 
3.1 X-Ray Diffraction Analysis 
 

Like all electromagnet rays that can be diffracted, X-rays are the rays. Diffraction involves the twisting of light around an obstacle's 
corners. For detectable diffraction, the coat of an check should be equal to the wavelength of x-rays. X-ray diffraction is a method 
utilized for finding the crystalline material composition and atomic spacing. It is important to finely powder the substance and 
homogenize it. XRD is the shortest and simplest method for determining crystallinity. X-rays are electric radiation and diffraction is 
used for wavelengths from a hundred angstroms to 0.1 angstroms. The diffraction of x-rays is based on positive crystalline substance 
interaction and monochromatic x-rays. In order to produce X-rays, electrons are emitted by heating a filament in a cathode ray tube. To 
find the structure, the wavelength of x-rays should be equivalent to the size of atoms. In x-ray diffraction, powder diffraction is used 
extensively. The sample for characterization is in powder form with the powder diffraction process. In order to get monochromatic 
radiation, these x-rays are screened and then oriented into the sample. Intensify the electrons against the reference point by applying 
voltage to barrage the mark material with electrons. When electrons have adequate energy to expel electrons from the inner shell of the 
target material, X-ray spectrums are formed. X-rays are used to determine the sample's size and form. It is used to find the sample's 
orientation. The Debye-Scherrer method is used to find the crystallite size. For the Bi and Al samples, the XRD patterns are seen with 
the Bi concentration of (x = 0,0.025, 0.050, 0.075, 0.100, 0.150) and the Al concentration of (y = 0, 0.1, 0.2, 0.3, 0.4, 0.5).        

 
 

                                               
Fig.3.Stacked XRD patterns for the Bi substituted NiAlyFe2O4 samples with the Bi concentration of 

(x =0, 0.025, 0.050, 0.075, 0.100, 0.150) and (y = 0, 0.1, 0.2, 0.3, 0.4, 0.5) 
 

Table:2. Values of Particle size of NiBixAlyFe2-x+yO4 
 

Sr. 
No. 

Composition Average Grain Size (t) 
nm 

Lattice 
Constant (a) Å 

1 NiBi0Al0Fe2O4 15.2364 8.3393 

2 NiBi0.025Al0.1Fe2.075O4 15.8833 8.3527 

3 NiBi0.050Al0.2Fe2.15O4 23.2033 8.3346 

4 NiBi0.075Al0.3Fe2.225O4 15.2197 8.3256 

5 NiBi0.1Al0.4Fe2.3O4 12.6701 8.3210 

6 NiBi0.15Al0.5Fe2.35O4 16.5668 8.3210 
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The particle size was determined for all the samples and is stated in Table 2. The calculated particle size indicates a decline in nature 
with an increase in the content of Bi, since all the samples were prepared under the same conditions. 
 
3.2.VSM(Vibrating sample Mangnetometer): 
 
The Vibration Sample Magnetometer (VSM) measures the prepared sample's magnetic parameters. The VSM is working on the 
electromagnetic induction theory of Faraday's theorem. The function of VSM is seen in Fig.4. Due to changing flux in the coils, the 
pickup coils produce electromagnetic force. In between the electrodes, the sample shifts. The saturation magnetization, magnetic 
coercivity, and magnetic retentivity were reported by the VSM. 

 
 
 
 
 

Fig.4. Schematic diagram of VSM 

The curve of hysteresis is given by the chart of the magnetic moment versus magnetic field power. The curve of hysteresis defines the 
magnetic material that is soft and strong. 

 

 

 

The magnetic moment per unit of the Bohr magneton (nB) formula was determined using the formula: 
nB= (Mα*Ms)/5585 

 
Where the  

 Ma = molecular weight of sample  
 Ms=  saturation of  magnetization. 

 
The magnetic property that relies on the instructions is magnetic anisotropy. The spin-orbit coupling and dipole-dipole 

interactions are due to magnetic anisotropy. The constant of magnetic anisotropy (Kα) was determined using the formula: 

Kα=(Ms*Hc)/0.98 
 

Where, 
 Ms = saturation magnetization 
Hc= magnetic coercivity. 

 
Magnetic Properties 

 
It is calculated with the help of VSM. NiBixAlyFe2-x+yO4where(x=0, 0.025, 0.050, 0.075, 0.100, 0.150) and (y=0, 0.1, 0.2, 0.3, 
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0.4, 0.5) hysteresis curves have been shown in Fig.5.Table 3. Provides magnetization saturation, magnetic remanence, magnetic 

coercivity, ratio of squareness. The findings showed that when the (Bi3+) bismuth change in  nickel nano ferrite decreases the 

magnetic remanence, and coercivity tends to increase to 0.075, i.e. the optimization point and the saturation magnetization after 

that random nature, first it crimp to x = 0.075 and then ergodic nature is get.The curves of the hysteresis determine if the magnetic 

substance is smooth or heavy. This is a strong fit for saturation of magnetization and particle size. It has very little magnetic 

remanence. NiBixAlyFe2-x+yO4 is a soft ferrite fiber, so this nano ferrite is recommended for low inductance cores and coils. 

The nano ferrite's magnetic properties were determined by the distribution of the ion and these attribute were improved by the pot 

of the different elements. 

 
  

 
 

Fig.5. Hysteresis of NiBixAlyFe2O4 nanoferrite. 
 

 
 

Table 3: Value of  Different Concentration 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
As the concentration of Bismuth increases, the magnetic moment decreases, which is the right alignment of particle size. 
  

Concentration Hc(Oe) 

×1000 

Mr (emu/g 

m) 

Ms (emu/g 

m) 
Mα K1= 

Ms*Hc/ 

0.98 

nB= 

Mα*Ms 

/5585 

NiBi0Al0Fe2O4 111.1728 013.8755 069.0129 234.383 7828.9360 2.8962 

NiBi0.025Al0.1Fe2.075O4 149.6914 015.9030 067.2769 235.325 10276.299 2.8347 

NiBi0.050Al0.2Fe2.15O4 087.4691 011.2577 055.3437 236.267 4939.6567 2.3412 

NiBi0.075Al0.3Fe2.225O4 118.0247 006.8028 052.5017 237.209 6322.9565 2.2298 

NiBi0.1Al0.4Fe2.3O4 022.4691 008.9285 050.4458 238.151 1156.6038 2.1510 

NiBi0.15Al0.5Fe2.35O4 055.6790 003.4638 042.2332 242.921 2399.4921 1.8369 
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3.3 Fourier Transform Infrared (FTIR) spectroscopy 

 
 
The collision of two radiated rays is the fundamental theory of Fourier Transform Infrared (FTIR) spectroscopy. Some energy is 
absorbed as infrared light travels through some sample and some energy is transmitted. In this spectroscopy, the statistical procedure 
Fourier Transformation is used. The elastic parameters were determined using the FTIR and it snap the force of the ferrite 
materials.The FTIR also get an image resolve ranging between 7500 and 450cm-1 using the Bruker 3000 Hyperion microscope with a 
vertex 80 single point detector.  
 

 
Fig .6. FTIR  Spectroscopy 

 
 
 
The FTIR Spectra of NiBixAlyFe2-x+yO4 nanoferrite at (x = 0, 0.025, 0.050, 0.075, 0.100, 0.150) and (y = 0, 0.1, 0.2, 0.3, 0.4, 0.5) are 
shown in Fig.7. At 526.80 cm-1 the intensive absorption band is detected, which indicates the typical spinel structure bond. 
 

 
Fig.7. Transmittance FTIR of NiBixAlyFe2-x+yO4 of nanoferrite 

294 
 



 

 
4. Conclusions 

Bismuth substituted Nickel Aluminium ferrite nanoparticles NiBixAlyFe2-x+yO4 with (x = 0, 0.025, 0.050, 0.075, 0.100, 0.150 
and y = 0, 0.1, 0.2, 0.3, 0.4, 0.5) were Prepared through the auto combustion route of sol-gel. It has been discovered from x-ray 
studies that the mean size of the crystallite is in the limit of 12-23 nm and lattice constant lies between 8.32 to 8.35Å. The 
replacement of Bi3+ bismuth in  nickel nano ferrite reduces magnetic remanence, and coercivity tends to increase to 0.025, i.e. 
the improvement point and random existence after that. Saturation magnetization first crimp to x = 0.025, and then ergodic 
existence (Ms) is get. These variations in magnetic properties may be due to the action of exchange. between the tetrahedral and 
the octahedral sites. The attractive moment crimp with flared Bismuth dilution. From  FTIR we conclude that as the peak 
appears at 517nm which is lies between 500 – 600nm, it is ferrite i.e spinel ferrite. 
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