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A facile procedure for the preparation of graphite coated magnetite nanoparticles with the size of ~ 12 nm using simple 
chemical co-precipitation method is reported. The co-existence of both phases in the graphite coated magnetite 
nanoparticles was confirmed by X-ray diffraction. Scanning electron microscopy was used to express its surface 
morphology. Fourier transform infrared spectroscopy was used to assure the binding of graphite onto the surface of 
magnetite nanoparticles. Non-isothermal kinetic parameters were calculated by Coats-Redfern method using thermo-
gravimetric analysis curves. DC conductivity was measured by using four probe techniques at room temperature for 
selected voltage compliances (1V, 10V & 100V). Vibrating sample measurement displayed superparamagnetic behavior 
with saturation magnetization of graphite coated magnetite nanoparticles was found ~47-54 emu/g. These nanostructures 
exhibited excellent electrical and magnetic properties which were dependent on the content of the magnetite nanoparticles, 
making it a promising material for practical applications in biomedical research and nanotechnology. 
Keywords: Graphite; Graphite-coated magnetite nanoparticles; Nonisothermal thermodynamics; Hysteresis; DC 
conductivity  

INTRODUCTION 

Magnetic nanoparticles have received growing 
attention over the decades due to their unique 
properties and applicatons [1, 2]. These magnetic 
nanoparticles have tremendous applications in the 
field of pharmaceuticals, environmental 
remediation, magnetic resonance imaging, magnetic 
recording media, data storage, ferro-fluids as well as 
in various biomedical applications etc. [3-5]. 
Because of instability and small in particle size, 
magnetite nanoparticles (MNPs) are difficult to 
employ for engineering and biomedical applications. 
MNPs are highly susceptible to oxidant ion when it 
is exposed to the atmosphere [6]. To overcome this 
difficulty, several researchers have synthesized 
magnetic nanoparticles impregnated in a polymer 
matrix [7]. In addition to inorganic coating, gold [8] 
and silica [9] with MNPs have been successfully 
examined as stabilizing shell of magnetic 
nanoparticles. It was reported that gold shells 
provide a multifunctional platform for surface 
modification but it could not protect the magnetic 
properties due to it grain boundaries. Therefore, new 
more stable magnetic materials are in demands by 
industries [10]. 

Surface functionalization of MNPs is required to 
improve  its   physical,   chemical   and   electrical 

properties for further applications. The 
carbonaceous fillers to magnetite matrix provide a 
remarkable feature to the composites [11]. Carbon 
based magnetic nanocomposites with accurate their 
components (matrix and filler material) have unique 
scientific and technological importance [11]. 
Graphite (GR) and graphene-oxide (GO) are vastly 
used as fillers in the composite systems [12,13]. 
Recently, Meysam et al. have prepared 
carbon/magnetite nanocomposites for copper 
removal [14]. Malhotra et al. [15] modified the 
magnetic nanoparticles by carbon coating for the 
increment in bio safety. Magnetite/graphite 
nanocomposites synthesized and characterized by 
Kusrini et al. [16]. The extraordinary properties of 
the mentioned fillers have enhanced physical, 
chemical, mechanical, optical and antimicrobial 
properties of composite system. [17]. GR has 
recently attracted considerable attention due to its 
unique atomic arrangement. It has wide applications 
in chemical sensors, energy storage, optoelectronics 
and molecular separation [17-19]. GR nano plates in 
composite form with magnetic matrices can also 
enhance the mechanical and corrosion resistance 
properties [20-22].  

Graphitic magnetic nanocomposites are highly 
demanded due to their extensive applications in  
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various fields such as, microwave absorption [23], 
electro-magnetic shielding [24], water purification 
[25], adsorption of heavy metal ion and toxic gases 
from the environment [26, 27], catalysis [28], 
sensors [29], drug delivery [30-32], and bio-medical 
diagnosis [33, 34]. In the present work, we have 
fabricated graphite coated magnetite nanoparticles 
(GNPs) with different weight ratios using chemical 
co-precipitation method. The structural, thermal, 
electrical and magnetic properties of prepared 
nanostructures were compared with that of GR and 
MNPs. 

EXPERIMENTAL 

Starting materials 

Graphite powder (500 μM) was procured from 
Merck (99.98 %), ferrous chloride (FeCl2.4H2O), 
ferric chloride (FeCl3.6H2O) and ammonia solution 
were procured from Sd Fine Chemicals India.  

Preparation of GNPs 

GNPs were prepared through chemical co-
precipitation of Fe3O4 from a composition of 
FeCl2.4H2O and FeCl3 .6H2O in 1:2 molar ratio 
supplemented with varying weight fractions of GR. 
The weight fractions of Fe (III) to GR was adjusted 
to 5:1, 8:1, 15:1 to afford the three samples of  GNPs. 
For the preparation of GNPs involving Fe (III): GR  
(1:5), a suspension of GR (0.1g/dL, 50 mL) in 
deionized water was subjected to ultrasonic 
treatment over 45 min with simultaneous feeding of 
50 mL a formulation of Fe (III):Fe (II) in  1:0.6 
(w/w,50 mL) in deionized water @ 0.1 mL/min at 
300K. Chemical co-precipitation of Fe3O4 in 
presence of GR was conducted through addition of 
ammonia solution (30%,v/v) at 850C till rise in  pH 
level of reaction medium to 10.The contents were 
allowed for stirring @500 rpm over 180 min 
thereafter cooled to 300K and subsequently 
centrifuged at ~4000 rpm for 15 min. GNPs  settled 
at the bottom of centrifuge tube were successively 
washed with deionized water till removal of chloride 
ions. GNPs were isolated from centrifuge tube 
through magnetic separation and dried at 400 
mmHg/300K. MNPs were also prepared following 
identical co precipitation method and served as 
reference for measurement of spectral and electrical, 
thermal and magnetic properties of GNPs. 

Characterization 

XRD spectra were recorded on a Bruker D8 
Advance spectrophotometer at 30 mA and 40 kV. 
Average crystallite size (D, nm) were deduced from 
XRD using Debye Scherrer formula D=Kλ/β cos θ) 
using Cu Kα irradiation (λ= 1.54Å) [35-36], where K 

is Scherrer constant,  β (in radian at full width and 
half maximum and θ is the angle of diffraction. 
Scanning electron measurement (SEM) is used to 
determine the surface morphology. SEM pictures of 
synthesized samples were taken for a number of 
magnifications at FEI QUANTA 200HV. Fourier 
transform infrared (FTIR) spectra were analyzed 
over Perkin Elmer spectrophotometer in the wave 
number (cm-1) ranging in 500-4000. Hysteresis 
curves were recorded over vibrating sample 
magnetometer model 155 procured from EG & G 
Princeton Applied Research, at 300K. DC 
conductivity (σDC) measurements were conducted 
over disk shaped samples with 1.0 cm diameter and 
0.1 cm thickness. For this purpose, specimen was 
fabricated through compression molding at 10 MPa. 
σDC data were recorded  over Keithley four-point 
probe arrangement connected with  6221 DC current 
source and 2182 A nanovoltmeter at 300K. 
Thermogravimetric curves were recorded over 
simultaneous thermogravimetric /differential 
thermal analyzer (TG/DTA) model SII 6300 
EXSTAR under progressive heating  @ 10°C/ min 
from ambient temperature to 1000°C in air flow @ 
250 mL /min. TG data were used for evaluation of 
non-isothermal kinetic and thermodynamic 
parameters of solid state decomposition of GR, 
MNPs and respective GNPs. Thermal data deduced 
from TG curve was used for evaluation of  activation 
energy (Ea), pre-exponential factor (A*), entropy 
(ΔS), enthalpy (ΔH) and Gibb’s free energy (ΔF) 
pertinent to solid sate decomposition using Coats-
Redfern equation [37]. 

where α is the decomposed fraction of material, A* is 
pre-exponential factor and R (J mol-1 K-1) is the gas 
constant. Ea and A* values are calculated from slope 
and intercept respectively drawn between log [g(α)/T2] 
against 1000/T [Fig. 8].  

The change in entropy for activation ΔS (J K-1 mol-

1) was calculated according to the relation:
ΔS=Rln(Ah/kB TS), where kB is the Boltzmann
constant, h is the Plank’s constant, Ts is the peak
temperature deduced from DTA [38, 40].

RESULTS AND DISCUSSION 

Microstructure 

The surface characteristics of the MNPs and GNPs 
were found out by using scanning electron      
microscopy.  
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Fig. 1. SEM images for MNPs at 10 μM, 1 kx (a), for GNPs 10 μM, 1 Kx  (b), 1 μM, 2.5 Kx (c) 1 μM, 5 Kx (d) 

Fig. 2. XRD patterns of (a) MNPs (b) GNPs (I), (c) GNPs (III) and (d) GR.

SEM images (Fig. 1 (a) show that MNPs are 
spherical in shape with a narrow particle size (17.5 
nm which is calculated by the Debye–Scherrer 
formula). Particles agglomeration is indicating a 
good connectivity between the grains all together. 
SEM images of GNPs are shown in fig. 1(b-d).  It 
looks like a smoothed sponge-like structure.XRD 
measurements reveal the co-existence of phases of 
MNPs and GR in GNPs. The XRD pattern of the GR 
[fig.2] shows a sharp peak (002) at 2θ = 26.810 with 
the interplanar spacing of about 0.33 nm. The 
absence of any other impurity peak in the XRD of 

GR confirms its purity [40-42]. For MNPs, the 
diffraction peaks at 2θ =30.30o, 35.66o, 43.35o, 
57.30o, 63.00o correspond to (220), (311), (400), 
(511) and (440) planes respectively. All the
diffraction peaks can be identified from the JCPDS
card no. 77-1545 [41]. The lattice parameter of
MNPs deduced from  XRD data was around ~8.36 Å
which indicates that the product consists of cubic
spinel structure and crystalline single-phase of
MNPs. In the XRD patterns of the GNPs the
expected diffraction peak at ~26.90o resulted from
GR and remaining peaks can be indexed similar to
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MNPs. The similar presence of Graphitic peaks in 
XRD patterns of Iron oxide can be confirmed by 
other researches too [44-46]. The average crystallite 
sizes, as calculated from XRD data using Debye 
Scherer’s formula, was ~17 nm and ~12 nm MNPs 
and GNPs, respectively.  

FTIR spectra 

Fig. 3 shows the FTIR spectra of GR, MNPs and 
as-synthesized GNPs. In the spectrum of GR, the 
characteristic absorption peaks at ~3447.28  cm-1 (v-
O–H) and ~1628.79cm-1(δ-O–H) attributed the 
presence of absorbed moisture. It is observed that the 
peaks in the region about 1520-1600 cm-1 assign to 
the aromatic C=C stretching vibrations and band 
near 2800-2900cm-1 correspond to the aliphatic 
carbon [34, 35].For the spectra of MNPs and GNPs, 
the band around 586 cm-1 is attributed to the 
stretching vibration (Fe-O) of the tetrahedral groups 
and band around 445cm-1is attributed to the 
octahedral groups [45].The intense broad band at 
~3394cm-1 and the less intense band at 1624 cm-1 are 
due to stretching vibrations corresponding to -OH. 
Absorption peak around 2356 cm-1  attributes to the 
traces of absorbed CO2 [48, 49]. The spectra reveals 
that the C-H and other carbon-based groups are more 
prominent in MNPs (Ι) than in MNPs (III) due to 
high GR content. 

Magnetic behavior 

Fig. 4 shows the effect of magnetic field on the 
magnetization (M-H) of MNPs and GNPs. The 
magnetization was recorded at 300K with the 
maximum field of 40K Oe. 

The samples exhibit immeasurable values of 
coercive field and remnant magnetization which 
shows the superparamagnetic nature of all samples 
[50]. The saturation magnetization of the GNPs (I) 
and GNPs(III) [~47 emu/g and ~54 emu/g 
respectively] is smaller than the value of bulk MNPs 
[~70.5emu/g] [44]. It is observed that saturation 
magnetization value in GNPs decreases by adding 
GR into the MNPs [51, 52]. This can be attributed to 
the small particle size and relatively low amount of 
MNPs in the GNPs.  

DC conductivity 

As we know that dc conductivity (σ) measures 
the ability of substance to conduct electricity [53]. 
The DC conductivity measurement of samples was 
investigated under selected voltage compliances (1 
V, 10 V, 100 V) at room temperature. The electrical 
conductivities are shown in Fig 5. As shown in the 
figure the conductivity of GNPs is much higher than 
parent MNPs which shows enhanced 

semiconducting properties of the synthesized 
nanostructures.  

The DC conductivity of MNPs at 1V shows the 
value of ~7.45×10-4 S/cm which increased to the 
value ~1.38×10-3 S/cm for highest GR doped GNPs 
i.e., for GNPs (I). The similar trend was observed for
10V and 100V. This indicates the conductive nature
of GR. Among the nanocomposites, GNPs (I) shows
highest DC conductivity and the value decreases
with further addition of MNPs supported to available
literature [54]. The higher conductivity of GNPs(I)
may be due to the strong interfacial adhesion
between the GR and MNPs.

Thermal behavior 

 Fig. 6 shows TG thermogram of GR, MNPs and 
GNPs. As shown in figure, GR renders thermall 
stability in the range of 250C-1020C. Marginal 
degradation occurs in ~1020C-5700C range with the 
~1.5%  weight loss atributes to moiture content [55]. 
TG onset for all samples attributes to their low 
thermo-oxidative stability [56-57, 58]. The 
decomposition of GR started at 1020C. The first 
decomposition stage occurs in the range of 5700C-
7220C associated with weight loss of ~37.4%. The 
second decomposition stage occurs in the 
temperature range 7420C-8300C with the weight loss 
of~56.2% along with DTA signal 79.8 µV at 7400C 
[Fig. 7].  

Fig. 3. FTIR spectra of (a) GR, (b) magnetite NPs (c) 
GNPs (I) and (d) GNPs(III) 

Pure MNPs degradation goes in two steps 
resulting in minor weight loss. The initial weight loss 
was observed at 1020C due to the loss of water 
content. Further slight decrement in the weight is due 
to the phase change of magnetite (Fe3O4) into 
maghemite (Fe2O3) in the temperature range 2000C- 
4000C and afterwards above 4200C, there was no 
weight loss. 
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Fig. 4. Magnetization curve (B-H) for ((a) MNPs (b) 
and (c) GNPs 

 F 
Fig. 5.  Electrical conductivities of GNPs at different 

voltage compliances 

GNPs undergo similar degradation as that of GR but 
with higher thermal stability due to the presence of 

relatively thermal resistance MNPs. GNPs (III) thus 
shows more stability than GNPs(I) [56].  

Fig. 6. TG curves for (a) GR , (b) MNPs , (c) GNPs (I) 

and (d) GNPs (III). 

The results of TGA are in agreement with DTA 
curves which indicate the exothermic peaks nearly at 
same temperatures. The determined values of 
activation energies obtained by CR method can be 
regarded as indicator of the thermo-oxidative 
stability of samples. The activation energy for GR 
was at 157.14 kJ/mol relative to ~159.1 kJ/mol for 
CNTs [59]. The activation energies for MNPs and 
GNPs are 22.76 kJ/mol and 129.47 kJ/mol 
respectively along with negative values of entropy 
(Table 1).  

Table I. Kinetic parameters for solid-state thermal decomposition determined using the Coats–Redfern method. 

Samples 

       Parameters 

T (K) TS(K) 
E 

(KJmol−1) 
A 

(s−1) 
ΔS 

(KJmol−1K−1) 
ΔH

(KJmol−1) 
ΔG×105 

(KJmol−1)

GR 844-1100 993 157.14 5.48×106 -125.83 149.0 2.72 

MNPs 473-673 534 22.76 5.33 -1116.48 18.32 6.14 

GNPs(I) 873-1073 987 129.47 2.01×105 -153.33 122.43 2.52 

GNPs(III) 823-1123 976 98.81 3.92×103 -186.01 106.12 2.89 
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Fig. 7. DTA curves for (a) MNPs (b) and (c) GNPs 

Fig. 8. Coats-Redfern Plots for GR, MNPs and GNPs 

CONCLUSION 

Graphite coated magnetite nanoparticles with 
different weight ratios of graphite and magnetite 
nanoparticles were successfully synthesized by an 
easy and cost-effective co-precipitation method. The 
magnetite nanoparticles with the size of ~17 nm 
were attached with graphite layers. The formation of 
samples were confirmed by XRD and FTIR studies. 
Graphite coated nanoparticles showed the different 
thermal, magnetic and electrical properties than their 
pristine form which defines the wide applicability of 
such nanostructures. Thermogravimetric analysis 
reveals that magnetite nanoparticles can improve 
thermal stability of graphite in synthesized 
nanostructures. The graphite coated magnetic 
nanoparticles with superparamagnetic behavior 
provide the opportunities for various applications in 
the fields of biomedicine, bio-material separation 
and bio-diagnostics, etc. 
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