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Abstract- Alternative materials such as hybrid structures of the graphene/carbon nanotube (CNT) show excellent 
combination of electrical, optical and structural properties fit for the transparent display industry. In this research study, a 
simple method is introduced to assemble a hybrid structure film between monolayer graphene and carbon nanotube (CNT). 
This research focuses on the effect of changing the concentration ratio between graphene and carbon nanotube (CNT) to 
provide high electrical conductivity to films while maintaining optical transparency for applications where these key 
properties are desired. The results of the electrical conductivity and sheet resistance were detected for all prepared hybrid 
samples using UV-Spectroscopy and Two-point measurements methods, respectively. It was found that Comparison of the 
data shows that when the concentration of CNTs decreases, the transparency increases and the film conductivity decreases. 
Direct graphene spray coating onto glass substrates has a big advantage for transparent electrical films applications. The 
efficiency of this film is based upon the electrical conductivity, optical transparency also thermal conductivity of the film. 
The samples have optical transparent ranges between 54%T to 96%T and are also considerably transparent.CNTs and GNPs 
are efficient material for the hybrid structure.To have high quality uniform films on glass substrates, spray coating technique 
was used. 
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I. INTRODUCTION 
 
At present the primary Transparent conductive 
material used in industry is indium tin oxide (ITO) or 
tin doped indium oxide [1]. Thin films of ITOs are 
used in industry are used as the principal transparent 
electrode because of the material’s high electrical 
conductivity coupled with high optical transmittance. 
ITO thin films are capable of delivering a thin film 
with optoelectronic properties of 10Ω/sq coupled 
with 85% optical transmittance at a wavelength of 
550nm [2]. ITOs are necessary to provide acceptable 
resistive capacitive delays for flat panel displays [2]. 
However, indium tin oxide is inherently brittle, 
strains as low as 1.5%[3] which will cause a severe 
descent of electronic properties [4, 5], is not 
chemically stable [1] and has poor transmittance in 
the blue-green visible regime [6]. Additionally, the 
principal material in ITO, indium, is expensive with a 
cost of $565 per kilogram in 2010[7]. 
 
For these different reasons, there is a need to identify 
replacement materials for conventional 
ITO. There are research efforts underway to explore 
new materials, which exhibit the key properties 
(namely high electrical conductivity coupled with 
high optical transparency) sought in ideal materials 
need optoelectronic properties. 
 
Carbon Nanotubes (CNT) and Grapheneare two of 
the most promising materials in the family of carbon 
forms suitable for making transparent and conductive 
layers. As their combination improve flexibility and 
transparency in the visible wavelength range. Thus, a  

 
new hybrid structure between carbon and graphene is 
able to transmit electrons over the entire substrate as 
well as allowing light to pass through the substrate. 
For the industrial adaptation of these alternative 
materials, it is vital that their optoelectrical 
performance is improved to a level that matches or 
exceeds that of ITO and other competing transparent 
conductive materials, and also that their 
manufacturing cost is minimized. 
 
II. DETAILS EXPERIMENTAL 
 
2.1. Materials and Procedures 
Preparation of dispersed phase 
Carbon nanotubes and graphene are insoluble in 
water and organic solvents. However, if a surfactant 
is added to the dispersion, and with the use of 
sonication, a homogeneous and stable suspension can 
be obtained. In order to prevent the bundelling of 
CNTs, sodium dodecylbenzene sulfonate (SDBS) was 
used as surfactant.The dispersion preparation was 
carried out with a concentration of 0.5% of SDBS in 
water and a variation of carbon nanotubes and 
graphene concentrations ranges 0.01 wt% up to 0.2 
wt%. To obtain hybrid mixture, sixteen mixes of 
CNTs and GNPs were obtainedwith different 
concentrations ratio. The selection of concentrations 
were randomly chosen, thus leading to different sheet 
resistance and transmittance. 
 
Preparation of films 
To have a high quality uniform films of CNTs and 
graphene, spray coating technique was used. This 
technique is simple and allows to getcoating 
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properties on glass substratesvery smooth. It involves 
spraying the dispersion onto a heated substrate where 
every sprayed droplet reaches the hot substrate 
surface and consequently forms a thin layer of the 
film and the excess water evaporates. 
 
2.2Ultraviolet–visible analysis 
Ultraviolet–visible spectroscopy (UV/Vis) takes place 
in the ultraviolet-visible spectral region. This means it 
uses light in the visible and adjacent ranges (near-UV 
and near-infrared [NIR]) used to determine the 
absorbanceand the transmittance of the absorber in a 
solution by using Beer-Lambert law 
 
2.3Two-Point Probe Method 
It measures resistance with the probes close together 
and far apart. The difference between these two 
resistances will be the order of magnitude of the sheet 
resistance. Typically, the sheet resistance using this 
method is simply  
taken as the resistance value read on the source-
meter, as was done by Parekh et al. [8], where a Rsh 
as low as 30Ω/sq was claimed. 
 
III. RESULTS AND DISCUSSION 
 
Carbon Nanotubes: 
Absorption 
Current and future applications of single-wall carbon 
nanotubes (SWCNTs) depend on the dispersion of the 
SWCNTs in aqueous solution and their concentration. 
UV/Vis spectroscopy can be used to determine the 
concentration of CNTs in a solution by using Beer-
Lambert law, which stated that the absorbance of a 
solution is directly proportional to the concentration 
of the CNTs in the solution and the path length. 
However, there is no reliable results for the 
absorption range, Bing Yang,et al concluded that the 
wavelength range between 300 nm and 600 nm is the 
most suitable for evaluation of the total concentration 
of dispersed SWCNTs in the suspension. [9] 
In this work all absorption calculated were in the 
range between 500 nm and 1100 nm and 
consequently, Fig.1 showed that when the amount of 
CNTs concentration increases, the absorbance 
percentage increases. Some absorption peaks can be 
seen at concentration minimum 0.2 wt% of CNTs. 
 

 
Fig.1 Absorption curve for different CNTs concentrations 

Optical and electrical properties 
Transmission spectra of the four different 
concentrations of CNTs films; 0.2, 0.1, 0.05 and 0.01 
wt% were taken across the visible and near-infrared 
region of the spectrum. Fig.2 shows the typical 
spectra found for all CNTs films on glass. These 
spectra demonstrate a steady increase in the 
transparency with increasing wavelength.  
 

 
Fig.2Plot of Sheet Resistance versus Transmission (%T at 550 

nm) for thin films of different concentrations of CNTs with 
surfactant. 

 
With respect to electrical measurements, the sheet 
resistance of each film was taken using a two-point 
probe, and the results obtained are shown in fig.2. 
Comparison of the data shows that when the 
concentration of CNTs decreases, the transparency 
increases and the film is slightly conductive. The 
films with the lowest concentration display a 
performance giving around 13000 Ω/sq for 80% 
transmission at 550 nm, for 0.05 wt % it shows a drop 
in the sheet resistance rage to 1200 Ω/sq for 70%, 
following be 0.1 wt % that got 1500 Ω/sq for 73 % 
ending with the highest concentration that has 1700 
Ω/sq and 82 %.  The values of electrical resistance 
with relation to the optical transmission are highly 
dependent on the quality of the starting CNTs 
material. This makes it a more desirable technique for 
large-scale production. To Song et al, achieved a 330 
Ω/sq sheet resistance at 70% transmission from 
pristine nanotubes [10]. 
 
Graphene 
Absorption 
In case of graphene, It has been found that the 
absorption peaks were in the range between 200nm 
and 300 nm according toZhang et al, as shown in 
Fig.3 

 
Fig.3Absorption peaks detection for Graphene. 
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Following Beer-Lambert law and by using UV-Vis 
spectroscopy, it can be concluded that by the increase 
of GNPs, the absorbance percentage increases which 
means that the great absorbance percentage goes to 
GNPs with 0.2 wt%, following by GNPs 0.1 wt% 
then 0.05 wt% and finally 0.01 wt% where 
absorbance of a solution is directly proportional to the 
concentration of the graphene in the solution. 
 
Optical properties 
Direct graphene spray coating onto glass substrates 
has a big advantage for transparent electrical films 
applications. The efficiency of this film is based upon 
the electrical conductivity, optical transparency also 
thermal conductivity of the film. The samples have 
optical transparent ranges between 54%T to 96%T 
and are also considerably transparent to the naked eye 
Fig.4 
 

 
Fig.4 GNPs spray coated sampels with calculated 

transmittance 
 
Electrical properties 
There were no values for the sheet resistance for the 
GNPs except at the highest concentrations. Some 
points were inferred from this conclusion. Either the 
contact of silver nanowires was not probably set on 
the glass substrate or an unexplained deformation 
occurred during dispersion preparation for the GNPs 
particles. 
 
Hybrid Structure 
Absorption 
For same ratios found that by following Beer-
Lambert law, shown in fig.5 that as both GNPs and 
CNTs concentration increases the absorbance 
percentage increases. 

 
Fig.5Absorption curve for different concentrations of hybrid 

structures in same weight 
 

Also some peaks are shown in fig.5 for the hybrid 
structure between 0.2 wt% GNPs and 0.2 wt% CNTs 
around wavelength 920 nm and the hybrid structure 
between 0.1 wt% GNPs and 0.1 wt% CNTs around 
460 nm wavelength. 
 
For different hybrid ratios it was found that hybrid 
structure between 0.1 wt% of GNPs and 0.2 wt% of 
CNTs has the highest absorbance curve while the 
hybrid structure between 0.01 wt% of GNPs and 0.05 
wt% of CNTs has the least expected absorbance 
percentage. This means that the absorbance of hybrid 
structure dispersion is directly proportional to the 
concentration of the carbon in the solution. As shown 
in fig.6 the two hybrid structures between 0.2 wt% 
CNTs and GNPs 0.05 wt%, 0.01 wt% give 
absorbance percentage in the wavelengths 940 nm 
and 870 nm respectively and the two hybrid 
structures between 0.1 wt% CNTs and GNPs 0.05 
wt%, 0.01 wt% give approximately same absorbance 
percentage in wavelength around 860 nm. 
 

 
Fig.6Absorption curve for different concentrations of hybrid 

structures in different weight 
 
Optical and electrical properties 
For same concentrations of CNTs and GNPs the 
results are shown in Fig.7The sheet resistances of the 
hybrid films in this case were taken using a two-point 
probe plotted against the transparency of the film at 
550 nm. The films with the lowest concentration 
display a reasonable performance given around 19000 
Ω/sq for 94 % transmission at 550 nm, while for 0.05 
wt % it shows a drop in the sheet resistance range to 
10000 Ω/sq for 82%, 0.1 wt % that got 1700 Ω/sq for 
78 % ending with the highest concentration that has 
1800 Ω/sq and 87 %. in Fig.3, as the transparency 
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gives better results but the sheet resistance is higher 
than in case of CNTs only  
 

 
Fig.7 Plot of Sheet Resistance versus  

Transmission (%T at 550 nm) for thin films of same 
concentrations for graphene/carbon hybrid structure 

 
Different concentrations of GNPs and CNTs in the 
hybrid structure as shown in fig.8strongly affect the 
changes in performance of transmittance and sheet 
resistance. The hybrid structures (0.1 GNPs + 0.2 
CNTs) ,(0.01 GNPs + 0.2 CNTs) and (0.01 GNPs + 
0.1 CNTs) have sheet resistance lower than 1500 
Ω/sq which can be recommended as an alternative 
material for ITO.  
 

 
Fig.8 Plot of Sheet Resistance versus Transmission (%T at 550 

nm) for thin films of different concentrations for 
graphene/carbon hybrid structure 

 

CONCLUSIONS 
 
From the above mentioned results, It can be 
concluded that the hybrid structures 0.1 GNPs + 0.2 
CNTs , 0.01 GNPs + 0.2 CNTs and 0.01 GNPs + 0.1 
CNTs have sheet resistance lower than 1500 Ω/sq can 
be used as an alternative material for ITO.These 
hybrid structures can be used in touch screens and 
smart windows production. 
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