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ABSTRACT

The present study revealed the NiFe
2
O

4
/rGO composite synthesized from Ni-Cd/Ni-MH spent by hydrothermal 

method. The obtained NiFe
2
O

4
 nano particles was dispersed effectively on reduced graphene oxide and the obtained 

composite was subjected to X-Ray powder diffraction (XRD) to know the particle crystallinity, size and structural 
aspects. The nano sized NiFe

2
O

4
 and NiFe

2
O

4
/rGO nano composite were exposed to study the surface particle 

morphology by using Field emission Scanning Electron Microscopy (FESEM). The elements present in the sample 
was analyzed by using Energy Dispersive X-Ray analysis (EDX), the functional groups identification was done by 
Fourier Transform Infrared Spectrometer (FTIR) and the thermal stability was studies by using Thermogravimetry 
analysis.
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INTRODUCTION

Nickel ferrite (NiFe
2
O

4
) nanocrystalline is one of the most vital 

ferrites among alternative ferrites from the spent battery because 
of most favorable uses in Ferro fluids, gas sensors, storage 
devices, catalysts and microwave devices [1-7]. Recently, extensive 
consideration has been paid on NiFe

2
O

4
 with variable size, 

morphology and shape as well analogous applications were studied 
[8,9]. In the synthesis of NiFe

2
O

4
, both chemical and physical 

methods have been established with different surface morphology. 
Compared to physical methods, the chemical methods have 
benefits such as large scale production, low cost and reaction taking 
place at very low temperature. The nano structured NiFe

2
O

4 
has 

been prepared by different process like sonochemical, polymeric 
precursor, mechanical alloying, hydrothermal, and co-precipitation 
methods [10-14].

The literature shows that a few works on the surface morphology 
controlled preparation of the NiFe

2
O

4
 nano particles. Newly, 

fabricated NiFe
2
O

4
 nano sheets using chemical method by 

Gunjakar et al. [15]. Chu et al. synthesized nano cubes and 
nanorods of NiFe

2
O

4
 through hydrothermal process [16]. Zhang et 

al. via polyethylene glycol method prepared NiFe
2
O

4
 nano particles 

[17], the hollow sphere NiFe
2
O

4 
nano rods and their magnetic 

properties was studied by Chen L et al. [18]. Also several studies 

have concentrated on the synthesis of spinel nano ferrites because 
of their quantum confinement effects, both chemical and physical 
properties and their surface effects. 

The nano NiFe
2
O

4
 have AB

2
O

4
 structure. In this structure, O 

specifies the oxygen anion site and A and B shows tetrahedral and 
octahedral cation sites [19]. The nickel ions (Ni+2) are located in B 
sites and iron ions (Fe3+) are equally dispersed between A and B 
sites. It is well known that combined metal oxide nano particles are 
seemly very attractive to making the electrode materials due to their 
controlling morphology and size, high surface energy, attractive 
structural, magnetic and electronic activities, which improve their 
catalytic performance [20-22]. 

In the synthesis of nano NiFe
2
O

4,
 reduced graphene oxide (rGO) was 

selected as solid subsidiary material to keep the nano NiFe
2
O

4 
from 

aggregation. The rGO based nano composite materials will have 
increased electrochemical performance like reversibility, capacitive 
action and cycling stability. The rGO doped nano composite 
have been widely used as anodes for rechargeable batteries and 
some recent studies shows the production of rGO based metal-
oxide anode materials have equitably good development [23,24]. 
For example, MgFe

2
O

4
/rGO composites was displayed excellent 

cycling stability and rate capability synthesized by Zhang et al. and 
SnO

2
/rGO nano hybrid exhibited that electrochemical Na-storage 
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1 g and add 100 ml of 3 M sulphuric acid (H
2
SO

4
) to dissolve 

Ni and Cd ions in the powder. When the cations were dissolve 
with acid, add stoichiometric amount of Mohr’s salt as iron 
source to solution with constant stirring. The obtained mixture 
was subjected to analyze the PH of the solution by using sodium 
hydroxide (NaOH) solution. The reaction mixture was performed 
at constant agitation speed of 250 rpm and proceeded at 100°C for 
60 min, a brown colored precipitate was obtained. The obtained 
precipitate was dried at 200°C for 24 hours.

Synthesis of NiFe2O4/rGO Nano-Composite

The reduced graphene was added about 1 g in a 250 ml beaker 
containing 100 ml of distilled water and 1 g of synthesized nano 
NiFe

2
O

4
 obtained from above taken in another beaker separately 

using ultra-sonication for better dispersion for 30 min. The well 
dispersed NiFe

2
O

4 
nano particles was decanted into the solution 

containing rGO in water with constant stirring. The entire mixture 
was maintained constant speed at 100°C for one hour. The obtained 
NiFe

2
O

4
/rGO nano composite was filtered, dried and washed. The 

precipitate was kept in oven for 24 hours at 100°C. The Flow chart 
and illustration of synthesis of NiFe

2
O

4
/rGO Nano composite as 

shown below Figure 1.

activity enhanced due to amalgamation of reduced graphene oxide 
[25].

The synthesis and structural aspects of NiFe
2
O

4
/rGO nano 

composite obtained from waste Ni-Cd/Ni-MH batteries by 
hydrothermal process are not yet described. The current study 
revealed the facile synthesis of nickel ferrite from waste batteries 
and the obtained NiFe

2
O

4 
was adsorbed on the surface of reduced 

graphene oxide (rGO) via hydrothermal method. 

EXPERIMENTAL METHODS

Materials and Methods

The list of chemicals, specifications and suppliers names 
were employed in this work as indicated in Table 1. The 
hydrometallurgical method is adapted for the synthesis and 
structural aspects of rGO doped nickel ferrite nano composite 
from spent Ni-Cd/Ni-MH batteries.

Synthesis of NiFe2O4 from Waste Batteries 

The leached battery powder which obtained from waste Ni-Cd/
Ni-MH batteries taken in a two necked round bottom flask about 

Figure 1: Flow chart and illustration of synthesis of NiFe
2
O

4
/rGO Nano composite.

Materials Specifications Suppliers

Waste batteries AA, and AAA different manufactures

Oxalic acid di-hydrate

HO
2
CCO

2
H ·2H

2
O

Molar mass: 192.16 g/mol Merck, Bangalore, India

Citric acid  (C
6
H

8
O

7
) Molecular wt.:   126.07 g/mol Merck

Sulphuric acid (H
2
SO

4
) Molecular wt.: 39.9 g/mol Merck

Sodium Hydroxide (NaOH) Molecular wt. : 40 g/mol Merck

Reduced graphene oxide (rGO) Carbon purity :> 99%, 

Thickness 3-6 nm.

United Nanotech Innovations Pvt. Ltd. Bangalore

Ferrous  sulphate (FeSO
4
.7H

2
O) Molar mass: 151.9 g/mol Merck, Bangalore, India

Table 1: list of chemicals, specifications and suppliers.
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RESULTS AND DISCUSSIONS

X-Ray Diffraction Studies

X-Ray diffraction (XRD) spectra of NiFe
2
O

4
 and NiFe

2
O

4
/rGO 

nano composite are shown in Figure 2. In Figure 2a, the measured 
average crystallite size of NiFe

2
O

4
 nanoparticle was about 9 nm and 

the graphic representation of a NiFe
2
O

4
 unit cell is presented as an 

introduced image in Figure 2a. The diffraction peaks of NiFe
2
O

4 

which indicated the formation of crystalline phase of NiFe
2
O

4
 

and broadening of the peaks were confirmed the nano crystalline 
nature of the powder. In Figure2b, the particle size of NiFe

2
O

4
 

nano particle and NiFe
2
O

4
/rGO nanocomposites was found to be 

9 nm and 13.4 nm respectively by using the Scherrer’s equation. 
In NiFe

2
O

4
/rGO nanocomposites the peak intensity (220) was 

disappear completely recommending that reducing crystal size 
of NiFe

2
O

4
, which reveals the growth of NiFe

2
O

4
 particles were 

essentially restricted after the fusing of rGO [26]. The extra peaks 
at about 27°, 29° and 46° are observed in Figure 2a were due to the 
contamination of the sample or that my occur during the leaching 
process of the waste batteries. 

We observed that, the peak intensities of NiFe
2
O

4
/rGO 

nanocomposites compared to NiFe
2
O

4
 decreases with increase 

in average particle size and doped rGO will decreased intensity 
peak, which shows the growth of NiFe

2
O

4
 was controlled after 

the doping of rGO dispersion. The Williamson and Hall method 
and Scherrer’s equation was employed to calculate the particle 
sizes of NiFe

2
O

4 
and NiFe

2
O

4
/rGO nano composite. According to 

Williamson and Hall, when lattice micro stain and domain were 
all together concurrently working their mutual effects provides 
the final line broadening of full width half maximum (FWHM) 
in which the sum of lattice distortion and particle grain size. The 
following equation gives a straight line between β cosθ and 4sinθ 
where ε is associated strain with nano composite. 

 				                      (1)

From the above equation, the average crystalline size (D) is measured 
by the intercept  and strain (ε) was calculated by the slope of 

the line obtained from the graph. The results obtained from the 
equation were analogous to the particle size calculated from the 
Scherrer’s equation. Particle size and other structural parameters 
of NiFe

2
O

4 
and NiFe

2
O

4
/rGO as indicated in Table 2. The density 

and stacking fault were calculated by the following equations.

  						                      (2)

 					                    (3)

 					                    (4)

Field Emission Scanning Electron Microscopy

The field emission scanning electron microscopy (FESEM) was used 
to analyze the surface morphology images of NiFe

2
O

4
 and NiFe

2
O

4
/

rGO nano composite as shown in the Figures 3a-3d. The surface 
morphology of particles are composed of various quadrangular 
shape with 1µm and 2 µm as indicated in Figures 3a and 3b. In 
Figures 3c and 3d, clearly shows that when reduced graphene was 
dispersed in the ferrite, The NiFe

2
O

4
 can be spread on the surface 

of nano ferrite forming NiFe
2
O

4
/rGO nano composite and the 

morphology of the particles are well distributed and some have 
little aggloromation as shown in the Figures 3c and 3d.

EDAX Analysis

From elemental analysis data, observed that C, Ni, Fe and O peaks, 
which confirms the purity of our synthesized sample. The chemical 
composition of NiFe

2
O

4
 and

 
rGO/NiFe

2
O

4 
nano composite was 

indicated in Table 2. The qualitative analysis of C, Ni, Fe and O in 
the NiFe

2
O

4
 and NiFe

2
O

4
/rGO nanocomposites are determined by 

using EDX analysis as shown in Figures 4a and 4b. The elemental 
composition of NiFe

2
O

4
 is composed of 20.45% oxygen, 7.70% 

carbon, 2.27% Nickel and 21.69% iron respectively. Similarly in 
Figure 4b, the chemical composition of NiFe

2
O

4
/rGO is consist 

of 26.0 % oxygen, 10.0% carbon, 2.59% Nickel and 21.69% iron 
respectively.

Figure 2: XRD spectra of a) NiFe
2
O

4
 and b) NiFe

2
O

4
/rGO nano composite.

Name of the sample FWHM
(rad)

Crystalline
Size (nm)

Strain (ε)×10-3 stacking fault SF dislocation density (δ)
(105 lin m-2)

NiFe
2
O

4
1.28 9 0.27 0.321 0.0123

NiFe
2
O

4
/rGO 0.632 13.4 0.140 0.353 0.0055

Table 2: Particle size and other structural parameters of NiFe
2
O

4 
and NiFe

2
O

4
/rGO.
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Fourier Transforms Infra-Red Spectrometer Studies

The functional groups attached for NiFe
2
O

4
 and NiFe

2
O

4
/rGO 

was performed by using Fourier transforms infra-red spectrometer 
(FT-IR). FTIR spectrum of NiFe

2
O

4
 NiFe

2
O

4
/rGO

 
nano composite 

as shown in Figures 5a and 5b respectively. 

In Figure 5a, the absorption frequency at 3290.2 cm-1 and 2169.2 
cm-1 could be attributed to the symmetric vibration of -OH 
groups. The bands with peaks detected at 1087 cm-1 was assigned 
to O-H bending vibration. The absorption peaks near 1620 cm-1 
and 608 cm-1 appeared in NiFe

2
O

4
 which are attributed to the 

skeletal vibration of metal-oxygen bonds of the NiFe
2
O

4
 particles. 

The vibration bands of Fe and Ni are found in the range of 
1000–1200 cm−1 is the region of the vibrational bands of Fe

2
O

3
 

in octahedral site and Ni–O in tetrahedral sites present in the 
samples [27-29]. In Figure 5b, the bands at about 21076 cm-1 and 
1991.6 cm-1 are represented the stretching vibration of C=O and 
The bending vibration of H-O-H was assigned at 2107.6 cm-1. The 
C-O bending vibration occur at absorbed frequency 108 7.1 cm-1 
and peak 1622 cm-1 demonstrate the C=C stretching vibration of 
reduced graphene oxide sheets. The M-O bond absorbed at 579.9 
cm-1 [30-32] and the rGO absorption bands resemble to the oxygen-
containing functional groups are vanished in rGO doped nickel 

ferrite nano composite and the oxygen-containing functional 
groups almost vanished in NiFe

2
O

4
/rGO nano composite shows 

that oxygen-containing functional groups were almost removed in 
rGO dispersion reaction [33-35].

Thermogravimetry Analysis

The TGA of NiFe
2
O

4
 and NiFe

2
O

4
/rGO

 
nano composite were 

studied by TGA and the results were shown in Figures 6a and 6b. 

a) 

d) c) 

b) 

1µm 2µm 

2µm 1µm 

Figure 3: FESEM images of a) NiFe
2
O

4
 1 µm b) NiFe

2
O

4 
2µm c) NiFe2O4/rGO 1µm d) NiFe

2
O

4
/rGO 2 µm.

a) b) 
 

Figure 4: EDAX spectrum of a) NiFe
2
O

4
 b) NiFe

2
O

4
/rGO.

Figure 5: FTIR spectrum of a) NiFe
2
O

4
 b) NiFe

2
O

4
/rGO nano composite.
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In Figure 6a, The NiFe
2
O

4
 and NiFe

2
O

4
/rGO nano particles were 

The NiFe
2
O

4
 and NiFe

2
O

4
/rGO nano particles were prepared 

from spent battery as appeared in Figures 6a and 6b. In Figure 
6a uncovers the NiFe

2
O

4
 nano particles has three separate 

warm disintegration steps. The main weight reduction stage in 
the temperature scope of 25°C-100°C, which was joined by an 
extremely little endothermic pinnacle is because of the loss of water 
particles in the NiFe

2
O

4
. The second region begins ~ 1450 C and 

ends at 324°C with a weight loss of 80% which might be due to the 
initial breakdown of reactants. Almost no weight loss over ~708°C 
indicates the completion of thermal decomposition and formation 
of spinel ferrite [36]. 

In Figure 6b the rGO decorated nickel ferrite nano composite 
indicates three weight reduction forms. The weight loss below 
100°C was removal of moisture in the sample. The weight reduction 
take place from 100 to 326°C, which caused by the destruction 
of oxygenated functional groups. Next a massive weight reduction 
happens between 326°C and 586°C. It tends to be dispersed to 
the ignition and disintegration of carbon molecule. The final exo-
thermic phase was around 586°C and 796°C can be recognized 
for the rGO decorated NiFe

2
O

4
 composite and the weight loss 

occurred between 586°C and 796°C was indicating the conversion 
of reactants into the final products [37].

CONCLUSION

From this studies average particle sizes of NiFe
2
O

4
 and NiFe

2
O

4
/

rGO composites of particle average size ranging from 9 to 13.4 nm 
were synthesized successfully from waste battery collection through 
hydrothermal method. The surface morphology of NiFe

2
O

4
 and 

NiFe
2
O

4
/rGO having quadrangular shape with NiFe2O4 nano 

particles are well covered on the rGO surface. The elements C, O, Ni 
and Fe were the main chemical constituents present in the sample 
which was confirmed by EDX analysis. From infrared analysis, 
the high frequency band at 579 and 608 cm-1 was corresponds to 

M-O bonds in NiFe
2
O

4
 and NiFe

2
O

4
/rGO nano composite. From 

Thermal studies, the sample NiFe
2
O

4
 nano particles can withstand 

the temperature up to 706°C and NiFe
2
O

4
/rGO nano composite 

up to 796.6°C respectively. 
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