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 The current work reports the preparation of graphene and cobalt 

nanoferrite /graphene composite by using Plasma Enhanced Chemical 

Vapor Deposition (PECVD). At first, the cobalt ferrite nanoparticles have 

been prepared via co-precipitation method. Then the graphene has been 

deposited by PECVD on one pure Cu substrate and on another Cu 

substrate coated by the slurry of Co nanoferrite. Raman spectroscopy has 

been used to ensure the formation of graphene in both graphene and 

composite samples. The Raman spectrum has also confirmed the existence 

of the ferrite in the composite. The scanning electron microscope images 

have revealed a quite uniform porous surface structure of graphene in both 

samples but the homogeneity has been enhanced in the composite.   

Moreover, the existence of ferrite slurry layer underneath the graphene has 

reduced surface defects too. This new successful method of preparing 

cobalt nanoferrite /graphene composite on a Cu substrate with the aid of  

PECVD may find a very useful application in producing high performance 

electrodes in batteries or supercapacitors. Therefore, measuring the 

electrochemical performance of this prepared composite as an electrode 

will be our near future work.   
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1.  Introduction 

 Since its successful isolation from graphite in 2004, Graphene has drawn 

attention to the world of 2D materials [1]. From a just unknown material it has 

become a super star in several fields of technology and academic research. 

Unique properties of graphene, such as high thermal conductivity, high current 

density, super hydrophobicity, ballistic transport, and optical transmittance have 

been recorded [2]. Graphene can be simply defined as a single layer of sp2 

bonded carbon atoms in a hexagonal lattice or two interleaving triangular lattices 

providing graphene’s stability [3].  

Ferrites are basically ferrimagnetic complex oxides possessing very high 

resistivity and high magnetic susceptibility. The saturation magnetization of 

ferrites is less than half of ferromagnetic alloys, nevertheless they possess 

advantages such as lower price, greater heat resistance, higher corrosion 

resistance and safe application at high ac frequencies [4].  

Commercial application of ferrites had begun since 1950’s in electronics, 

communications and microwave devices. Magnetic and dielectric properties are 

strongly dependent on particle size, thus synthesizing different size particle 

ferrites may serve to tailor the materials for desired applications [5].  

 Recently, nanoferrite/graphene composites  have emerged as  new 

materials for  many important  applications, specially for energy storage. These 

composites may provide promising candidates for both supercapacitors [6]. , 

and battery systems [7] .  

 

A nanoferrite/graphene composite may  provide  a  relatively  large  

surface  to volume  ratio,  which  would  be  suitable  for  some  important  

interactions  and  reactions. Moreover, such  heteroarchitectures  may display  

unique  electrochemical behavior generated by the magnetic nature of  ferrites 

and the  electrical conductivity of graphene sheets [8]. Besides, it is now well 

known that graphene and graphene-based hybrids can be considered as potential 

candidates for replacing Si-based technologies due to their extraordinary 

properties, being less toxic and biodegradable [9].  

The aim of the present work is to synthesize graphene and cobalt nano-

ferrite /graphene composite on Cu substrates with the aid of Plasma Enhanced 

Chemical Vapor Deposition (PECVD),  to confirm their formation by using the 

non-destructive Raman spectroscopy and finally to detect the surface  structure  
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of  graphene in both samples and the difference between them by using the 

scanning electron microscope.  

 

 

2. Experimental 

2.1 Preparation of Cobalt ferrite (CoFe2O4) in aqueous medium:  

Ferrites nanoparticles can be synthesized by various ways, the most common 

method is the chemical co-precipitation of Fe salts with the addition of a 

hydroxide base. This method allows the preparation of magnetic nanoparticles in 

a simple way with the ability of controlling  size and shape and thus it is a very 

appropriate method to use in various applications [10-11].  

CoFe2O4 nanoparticles had been prepared by alkaline co-precipitation of ferric 

and cobalt salts in aqueous solution as follows: 

 1. 1.0 ml of Cobalt nitrate (anhydrous (CoNH3) SIGMA ALDERISH 

Chemicals, 99.99%) and 4.0 ml of ferric nitrate (anhydrous (FeNH3) SIGMA 

ALDERISH Chemicals, 99.99%) have been mixed in a 100 ml beaker equipped 

with a magnetic bar.  

 2. During vigorous stirring, a 50.0 ml of 1M Ammonium hydroxide 

((NH4 OH), SIGMA ALDERISH, 99%) has been added drop-wise to the reaction 

mixture (at a temperature of 80o C) to adjust the PH at about 13, and stirred for 

two hours. A very black precipitate has been formed which is the Co ferrite.  

 3. The stirrer has been switched off and the precipitate has been collected 

by using a medium strength magnet.  

 4. The product has been washed many times with pure distilled water and 

then dried at 60 °C. 

 

 

2.2 Preparation and synthesis of graphene by PECVD: 

The growth process of graphene on copper, the preferred substrate, has been 

performed in the reaction chamber illustrated in Fig. 1 . The copper is preferred 

because of the poor solubility of carbon in copper, even at high temperatures (e.g. 

1000 °C).  The formation of graphene can be described as a surface-mediated 

process.. The challenge of sample preparation is to define the right conditions in 

order to obtain a clean structure. To produce clean graphene on a relative big 

surface, the commonly used method is CVD. In that case, carbon atoms from a 

gas mixture of CH4 and H2 will be deposited on the substrate. The CVD process 

may strongly be enhanced by a plasma which dissociates methane molecules at 

significant lower temperatures (e.g. 500 °C). This is now Plasma Enhanced CVD. 
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The growth of graphene in the reaction chamber starts right after the hydrocarbon 

dissociation (in the plasma and on the surface) and stops immediately when the 

supply of hydrocarbon is cut off [12].  

 

 

 

 

Figure (1) Schematic construction of the reaction chamber 

 

 

2.3  Preparation of cobalt nano-ferrite/ graphene composite:  

A slurry of the cobalt ferrite nanoparticles with dimethyl formamide (DMF) has 

been prepared and casted on a Cu substrate and by using the above mentioned 

plasma enhanced chemical vapor deposition method, layers of graphene have 

been deposited on the surface of the ferrite. This new method, of preparing such a 

composite has not been reported in literature before, as far as the authors know. 

2.4 Characterization of the samples  

The samples have been characterized by using XRD, Raman spectroscopy and 

SEM imaging at Graz University , Austria. 

 

3.  Results and discussion   

3.1 XRD of Co nano-ferrite 

Figure (2) shows the XRD of CoFe2O4 nanoparticles prepared by the co-

precipitation method.  

The XRD pattern confirms the formation of the required face-centered cubic 

ferrite with a lattice parameter  a = 8.391 Å. The standard XRD peaks of ferrites 
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indicate the planes [220], [311], [222], [400], [331], [422], [511],and [440] in 

agreement literature [13] . 
  

 

Figure (2)  XRD of CoFe2O4 nanoparticles 

3.2 Raman spectroscopy 

A laser irradiates the sample and its interaction with molecular vibrations, 

phonons or other excitations generates an infinitesimal amount of Raman 

scattered light detected by a CCD detector. The dominant Rayleigh scattered light 

is rejected using a filter and only the Stokes (or Anti-Stokes) Raman scattering 

are recorded. As it is well known that, Raman spectroscopy is used for identifying 

substances, polymorphs or tracking changes in molecular structures, it has  played  

an  important  role  in  the  structural  characterization  of  graphitic materials  and  

has  been  used  to  determine  the  number  of  layers  of  multilayer  graphene 

samples  and  the quality  of such samples.  Raman spectra of multilayer graphene 

samples   usually show three characteristic peaks denoted D (1350 cm
-1

), G (1580 

cm
-1

) and 2D (2690 cm
-1

)  [14].  
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Moreover, it is worth mentioning that graphene can be differentiated  easily from 

graphite by Raman spectroscopy, since graphene would have aa higher relative 

intensity in the 2D band compared to that of graphite along with a 2D band shift 

towards lower wave number compared to that of graphite Moreover, it is worth 

mentioning that graphene can be differentiated  easily from graphite by Raman 

spectroscopy, since graphene would have aa higher relative intensity in the 2D 

band compared to that of graphite along with a 2D band shift towards lower wave 

number compared to that of graphite [15].  

Figure (3) confirms the formation of graphene in the first sample i.e. graphene 

deposited on a pure Cu substrate.  

 

Figure (3) Raman spectrum of graphene deposited on a Cu substrate by PECVD 
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Figure (4): Raman spectrum of Co ferrite slurry casted on a Cu substrate 

Raman  spectra  of  ferrite  samples   usually show  characteristic peaks around 

198, 297, 461 ,558, 604 and 680 cm
-1

 [16]. Figure (4) confirms the formation of 

Co ferrite casted on the second Cu substrate before graphene deposition. By 

performing the fitting of the Raman spectra displayed, it would be possible to 

observe Raman bands at 296, 300, 465, 570, and 660 in fair agreement with 

literature.   
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Figure (5): Raman spectrum of graphene /Co nanoferrite composite ( the 

graphene is deposited by PECVD on the Cu substrate coated by Co ferrite slurry) 

In Figure (5) Raman spectrum of graphene /Co nanoferrite composite- where the 

graphene is deposited by PECVD on the Cu substrate coated by Co ferrite 

slurry- shows bands at 519, 1356 and 1600, in agreement with literature [17].  

Unfortunately, the spinel CoFe2O4 phase cannot been clearly seen due to the 

large amount of graphene [17]. For CoFe2O4/Graphene composite sample, the 

intensity ratio of D-band to G-band ID/IG less than the ratio for Graphene. This 

indicates that the presence of  CoFe2O4 decreased the defects.  

3.3 SEM spectroscopy 

The existence of ferrite slurry on the substrate has reduced defects in the 

deposited graphene surface as reported in literature [18]. This has been 

evidenced in SEM images. 

Figures (6) and (7) show the SEM images of the graphene sample and the 

composite sample respectively with the same magnification scale. The surface 

defects have been obviously reduced in Figure (7).  
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Figure (6) SEM image of graphene deposited on a Cu substrate (some defects in 

the surface structure are shown) 

 
 

Figure (7) SEM image of graphene deposited on the Cu substrate coated by a 

slurry of Co nanoferrite  (Less defects and more homogeneity are observed) 
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Figures (8) and (9) show more obviously the effect of the existence of the Co 

nanoferrite on the formation of graphene. In Figure (9), the layer of nanoferrite 

underneath the graphene has greatly enhanced homogeneity and regularity of the 

graphene formation on the surface. Better distribution of pores is observed. 

 

 

Figure (8) Second SEM image of graphene deposited on a Cu substrate 
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Figure (9) Second SEM image of graphene deposited on the Cu substrate coated 

by a slurry of Co nanoferrite 

 

The SEM image in Figure (9) of the composite displays a 3D porous network 

with pore sizes in the range of  micrometers. This network may be very useful 

for enhancing the electrochemical properties, as it not only provides an efficient 

pathway for electron transport but also reduces the ion diffusion resistance of 

the electrolyte for charge storage reactions. In addition, the 3D porous network 

provides abundant active sites to load CoFe2O4 nanoparticles [19]  
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Figure (10) Third SEM image of graphene deposited on a Cu substrate 

 

Finally, comparing Figure (10) and (11), Wrinkle-less surface of the graphene 

sheets seen in Figure (11) is a significant observation. This guarantees the 

properties of graphene prepared by the above mentioned method i.e. upon a a 

layer of Co nanoferrite slurry. Similar observations had been recorded in 

literature [20]; where a few layer graphene had been  produced by magnetic 

nanoparticle assisted liquid phase exfoliation method. In the present work too 

the SEM  images have confirmed the preparation of good quality graphene 

layers in the composite sample. 
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Figure (11) Third SEM image of graphene deposited on the Cu substrate coated 

by a slurry of Co nanoferrite  

 

4.  Conclusions  

Graphene and graphene/ Co nanoferrite composite have been successfully 

synthesized via PECVD, on a Cu substrate and on a Cu substrate coated by a 

layer of slurry of Co nanoferrite The ferrite has caused an increase in the 

homogeneity of the surface area and improved its pore distribution. Our 

promising new method has coupled graphene with spinel ferrites which is 

supposed to produce an improved electrode for supercapacitors and/or batteries. 

A complete characterization of both the graphene and the composite sample via 

RAMAN Spectroscopy has been performed. Raman spectroscopy has proved a 

reliable technique in identification of the phase of the prepared samples and/or 

in differentiation between the graphene sample and the graphene nanoferrite 

composite. The SEM images has evidenced the supposed difference in the 

surface of graphene when deposited above a layer of Co nanoferrite; showing 

less defects, good wrinkle-less surface of graphene layers and better distributed 

pores.  
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