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1. Introduction
Despite being known for long graphene can be classified 

as a new material because only in 2004 it was first observed 
and isolated1. Studies about graphene have been reported since 
18592 until Geim and Novoselov experimentally isolated it 
using micromecanic cleavage method1,3. Its excellent properties 
allow a lot of applications in different fields3. The range of 
applications are related to its high mechanical resistance 
and low density, an alternative to composite with inferior 
properties, e.g. lower hardness and higher density. Its great 
thermal and electrical conductivity can be considered as a 
silicon substitute2,4. The low light absorption and electrical 
properties may allow its use in touch screen devices,2,5-7 
biotechnology applications and others8.

Graphene is a carbon planar monolayer ordered in 
hexagonal structure3,8 with carbon-carbon chemical bond 
of 0.142nm9. Its crystalline structure is a Bravais network 
with two atoms per unitary cell9. The graphene obtaining 
can be achieved by micromechanical cleavage, consisting 
of remotion of the top carbon planes using scotch tape and 
later transferred to some substrate2,9. Another technique is 
chemical micro exfoliation that consists of the insertion of 
certain reagents between graphene layers to promote the break 
of Van der Waals bonds and consequent layer exfoliation8,10,11. 
This effect can be increased by ultrasonic bath treatment. 
Chemical vapor deposition method applied directly onto 
a solid substrate, primarily coated with a catalytic film, is 
another possibility4.

Transparent conductive films have been used as an 
element in new electronic devices5,12 such as touch screen, 
organic light emission device and solar cell13,14. For these 

application its low sheet resistance and a high optical 
transmittance are essential. The most used material with the 
above characteristics has been indium tin oxide (ITO), but 
its high cost of production and mechanical fragility do not 
allow its use in flexible screens5,12,13. Thus, new alternatives 
have been searched to replace ITO. Graphene has also raised 
great interest in the electric renewable energy area because 
it can be used in supercapacitor electrodes15-19.

The multilayer graphene20 is an alternative due to its 
low electric resistance, good optical transmittance and 
high mechanical resistance13 useful for flexible screen 
devices. One graphene layer has 97.7% light transmittance 
in 550 nm (the middle of optical spectra)2,14,21 and resistance 
sheet ranging from 103 to 1010 Ohms per square6. In order 
to obtain graphene thin film from a dispersion onto any 
kind of substrates, dip-coating technique has proved to be 
an interesting method22. The advantage of this technique is 
the obtainment of homogeneous films at low cost with few 
procedures22-24. It has been long used in the industry and still 
relevant for the production of several ceramic products, as 
well as galvanizing and painting processes25. Woks in the 
literature have shown dip-coating as a viable alternative 
to deposit graphene in transparent and flexible substrates, 
potentially useful in optoelectronic devices26-28.

This work presents multilayer graphene (MLG) obtained 
through low cost dip-coating technique developed with a 
microcontroller in our laboratory. This reports discusses 
MLGs obtainment from natural graphite flakes and the 
its cleavage using ultrasonic process. The study of MLG 
deposition is related to the ultrasound treatment time and 
number of immersions in dispersions. The focus was to 
get conductive films onto commercial glasses. UV-Vis 
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transmittance spectroscopy, morphology of MLG flakes 
with atomic force and optical microscopies were studied.

2. Experimental
2.1. Construction of a low cost automated dip 

coating system
A low cost system was entirely projected and 

constructed in our lab with commercial electronic parts 
bought in ordinary stores. A software was developed in C 
language to get thin film depositions by dip coating and/or 
self-assembly technique. Compared to other commercial 
dip coating devices, our equipment cost a fraction of their 
usual price, allowed depositions in various incidence angles 
and new parameters can be still inserted in its routine since 
the program was written in our own lab. This device can 
control automatically all depositions parameters such as: 
substrate immersion and removal speeds, the immersion 
time, number of immersion cycles and substrate position 
inside and outside the solutions/dispersion. Figure 1 shows 
the block diagram used in the project and a picture of the 
mechanical apparatus with the stepper motor and substrate 
holder that can handle six samples simultaneously.

In Figure 1 the dip coating procedure is presented in 
four steps. The first step is the immersion speed parameter 
of the sample holder. The control of the immersion speed 
is essential to prevent the substrate blade from removing 
the graphene on the dispersion surface. The second step is 
the immersion time of the substrate inside the dispersion 
(or solution). In this step, some graphene adheres on the 
substrate. The third step is the substrate removal speed which 
is a parameter to control the graphene deposits present on 
the top layer of the MLG dispersion. In the fourth step, 

another important parameter of control is the drying time 
of the sample. After this drying time, this four-step cycle is 
restarted and performed as many times as necessary.

2.2. Multilayer graphene obtaining
To get multilayer graphene, a dispersion was prepared 

with 6mg of expanded graphite donated by Nacional de 
Grafite Company, dispersed in 30 ml isopropyl alcohol 
and sorted out in three equal parts. Each part was treated in 
ultrasonic bath for 30 minutes (dispersion A), 60 minutes 
(dispersion B) and 90 minutes (dispersion C) in order to 
exfoliate the graphitic layer to generate multilayer graphene 
(MLG). The three dispersions obtained were used in dip 
coating system to deposit MLG in glass slices (10 x 25,4 mm).

2.3. Glass substrates cleaning
Solidor Co. 1 mm thick microscope slides were cut in 

10 x 25.4 mm size to be used as transparent substrate to 
MLG deposits. Pure water with detergent at 80oC was used 
to wash the glass slides for 40 minutes and later rinsed with 
pure water exhaustively. The next step consists of cleaning 
the substrates in isopropanol at 50oC for 20 minutes, followed 
by acetone at 50oC for 20 minutes and washed in pure water 
again. The last step was the treatment of the glass slides in a 
H2SO4/H2O2 (7:3) bath for 1h at 80ºC. Finally, the substrates 
received an ultrasonic bath during 30 minutes and then were 
washed exhaustively with pure water.

2.4. Multilayer graphene depositions
Using glass substrates treated with the above procedures, 

deposition cycles (insertion and removal from the MLG 
dispersion) were programmed in order to get an MLG thin 
film onto the substrate. To study the influence of the number 

Figure 1. Dip coating mechanical device picture and block diagram of the routine for the process.
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of insertions and removals on the electrical resistance, 10, 
15, 20, 25, 30 and 35 cycles were used with the dispersions 
A, B and C. The immersion and removal speeds were 
0.81 and 0.29 centimeter/minute, respectively. The time 
inside and outside the dispersion was 1 minute for all samples.

2.5. Samples characterization
The electrical resistance was measured with two terminal 

methods. Ten measurements of voltage and current in 
different places of the surface were made in each sample 
in order to obtain a medium resistance and its standard 
deviations. The electrical resistance expressed in KΩ is in 
Table 1. In films with a bigger coating area, four terminals 
and Van der Pauw method were employed to estimate the 
sheet resistance expressed as Ω/square. Only in continuous 
films it was possible to obtain an electrical response (finite 
resistance) in order to measure the electrical resistance. 
The measures were carried out using Keithley Electrometer 
model 2635A connected to the samples with Signatone Co. 
tungsten tips. The distance between tips was 1mm in all 
measures and both methods (two or four terminals).

The transmittance in the UV-Visible ranged from 
190 to 1100 nm performed in the FEMTO model CIRRUS 
80. A clean glass substrate was used as a reference to this 
measure, since the % of light transmitted (T(%)) was calculed 
by T(%)=(I/IO)x100, where I and IO refer to the intensity 
values transmitted by the sample and clean substrate, 
respectively. Figure 2 shows a graph with the percentage of 
light transmitted T(%) at 550 nm according to the number of 
immersions for all samples. These values represent an average 
of the samples transmittance and used to compare the effect 
of ultrasound time and number of immersions on the surface 

covering. This wavelength (550 nm) has been cited in the 
literature because of its technological importance to obtain 
good electrical conductors with high optical transmittance 
in the middle of visible spectrum29.

The surface images were obtained through Zeiss model 
Axiolab optical microscopy with Achroplan objective 
(40x zoom and 0.65 of numeric aperture) in transmitted 
light mode. The pictures were obtained with a Leica model 
DFC300FX camera directly coupled to the microscopy. To insert 
the scale in the images the ImageJ v1.49o (Open Source) 
software was applied.

The MLG flakes morphology and thickness estimates 
were carried out using Shimadzu atomic force microscopy 
model SPM9700 in the dynamic mode. The software 
Shimadzu Manager V.4.01 was used to evaluate the thickness 
and morphology.

3. Results and Discussion
Through our dip coating system and the deposition 

procedures previously described, 18 samples were obtained onto 
glass substrates. Figure 3 shows the effect of the exfoliation 
time in ultrasound on the amount of film formation. The three 
images in Figure 3 were obtained after 30 immersions with 
dispersions A, B and C. The dispersion A sample showed the 
lowest number of coating compared to dispersions B and C.

A carefully analysis of Figure 2 showed no tendency of 
gain or loss of material on the glass surface of films obtained 
with dispersion A. The MLG obtained with dispersion A did 
not present good adsorb properties on glass. On the other hand, 
dispersion B and C showed a well-defined behavior of light 
transmitted according to number of immersions. Furthermore, 
films obtained with dispersion C are more absorbent than 
films of dispersion B. Comparing Figures 2 and 3, dispersion 
C showed best MLG recovering.

Our results indicate a lower light transmitted reaching 
10 and 20% compared with those related to depositions 
of non-oxidized graphene flakes,30 graphene oxide and 
graphene oxide with nanowires and nanofibers12,13,29 to which 
transmittances in the range 55-75% were reported.

To get MLG morphological characterization an AFM 
equipment in dynamic mode was used for a flake mapping. 
Samples with 10 immersions were selected because their 
spaced and isolated flakes provided a better AFM mapping.

AFM images showed a thickness decrease of the flake 
related to the ultrasound time treatment, an evidence of 
decrease graphene planes in the flakes. Flakes present in 
dispersion A sample reached 2 µm or more, above the 
nanometric scale of observation. Through several flakes 
mapping from dispersion B and C, it was possible to estimate 
the thickness of about 16.6 ± 7.3 nm and 13.6 ± 5.2 nm, 
respectively. No thickness difference could be found with 
dispersions B and C samples. Figures 4 and 5 present the 
mapping of two flakes analyzed in dynamic mode of the 
AFM and the samples thickness profile was obtained with 
Shimadzu software.

Considering 0.5 nm as a reference thickness value to 
one isolated graphene layer,31 it was possible to estimate 
an average number around 26 to 32 graphene layers in our 
samples, different from the results obtained by Yun et al.13 
that reported 40nm to their graphene oxide/silver nanowire 

Table 1. Electrical resistance (KΩ) obtained by two terminals method.

Immersions Dispersion A Dispersion B Dispersion C
15 - 148.6 ± 76.0 40.4 ± 13.0
20 - 25.2 ± 2.4 -
25 3.6 ± 1.7 165.1 ± 19.0 3.4 ± 0.6
30 - 3.3 ± 0.6 4.8 ± 1.6
35 1.5 ± 0.2 1.8 ± 0.4 2.1 ± 0.3

Figure 2. Percentage of light transmitted in 550 nm to (A), (B) and 
(C) dispersions as a function of immersions. The lines connecting 
the experimental points are guide for eyes.
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hybrids films obtained with dip coating method. Since it 
is not possible to consider the deposit above 10 layers as 
graphene3 our films are multilayer graphene deposits20. Another 
interesting result observed in AFM images (Figures 4 and 5) 
is the great area of the flakes in the films (~5 to 10 µm2).

Although a little fluctuation in the resistance value of 
the film from dispersion C with 30 immersions, there is 
a coherent decrease in the resistance values as a function 
of the number of immersion, reaching a minor value in 
the sample with 35 immersions (Table 1). It is possible to 
conclude that dispersions obtained at 60 and 90 minutes 
(B and C) have a tendency to form a conductive film as 
it shows a important decrease in the electrical resistance, 
from 148.6 and 40.4kΩ to 1.8 and 2.1kΩ for dispersion B 
and C, respectively. Considering the standard deviation in 

the results for samples obtained with 35 immersion for B 
and C dispersions, the electric resistance tends to the same 
value. Through a careful analysis of Figure 3, it is possible 
to see that the spaces not filled by MLGs are smaller than 
the distance (1 mm) between probe tips used to get electric 
resistance. This implies an electric homogeneity in millimeter 
scale in the films deposited with dispersion B and C.

The sheet resistance obtained by Van der Pauw reached 
4700 Ω/square and 1880 Ω/square from samples obtained 
with 35 immersions in dispersion B and C respectively. These 
values are higher than 200Ω/square obtained by Yun et al.13 
with graphene hybrid films as well as those commercial ITO13. 
Nevertheless Yun et al.13 obtained this resistance at around 
86% of light transmitted, while our results are around 10%. 
Park et al.30 deposited graphene films chemically exfoliated 

Figure 5. AFM mapping and thickness profile of MLG flake 
obtained with dispersion C, treated for 90 minutes in ultrasound 
and 10 immersions. The red crosses situated over the line A-B in 
micrograph represents the red lines in the surface profile (below 
micrograph) and were used to determine the graphene flake height.

Figure 3. Optical images obtained for samples treated in ultrassound during 30 minutes (a), 60 minutes (b) and 90 minutes (c) in 30 
immersions. The optical zoom is about 40x in transmitted light mode.

Figure 4. AFM mapping and thickness profile of MLG flake 
obtained with dispersion B, treated for 60 minutes in ultrasound 
and 10 immersions. The red crosses situated over the line A-B in 
micrograph represents the red lines in the surface profile (below 
micrograph) and were used to determine the graphene flake height.
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and using Langmuir-Blodgett method with 930Ω/square at 
75% of transmittance.

Despite the presence of more MLG flakes in the surface 
confirmed by optical images (Figure 3) and low light 
transmitted (Figure  2), the sample obtained with dispersion 
C with 35 immersions probably reached a limit value for the 
electric resistance and any excess of MLG flakes does not act 
in the decrease of this electric resistance value. The contact 
resistance is another parameter that can be influencing the 
electric resistance obtained. As the graphene flakes are formed 
by overlapping, a weak contact takes place between them and 
does not contribute to the reduction of samples resistance 
in the same proportion of optical transmittance decrease. 
Furthermore the tungsten tips can damage the film during the 
measure process, introducing additional contact resistance 
on the results. The contact resistance can be improved by an 
annealing treatment or using some nanoparticle or nanofiber 
to connect electrically and mechanically the graphene flakes 
as Yun et al.13 did. However, this is not the scope of this work 
and will be investigated in a future work. In order to increase 
the optical transmittance additional experimental procedures 
is necessary in our samples. An alternative consists to use 
some clean treatment to remove overlapping flakes as well 
as those not adhered to the surface without removing the 
flakes in contact with substrate. The flakes not adhered and 
the ones overlapped on glass surface can act as a barrier to 
the transmitted light and contribute to the low transparence 
here observed.

To obtain the graphene flakes we used few procedures 
and chemical reagents compared with recent works in the 
literature. Another advantage is the use of natural graphite 

without oxidation to obtain the exfoliation. Although the 
samples studied here did not exhibit high transparency 
in visible region, a low resistance sheet was observed 
(1880Ω/square) that enables these materials to be used as 
catalysis electrodes, chemiresistor sensors, as well as in 
electrochemical capacitors which need a great area/volume 
ratio found in graphene structures.

4. Conclusions
This work presents the development of dip coating 

equipment to deposit a large range of thin films at low cost. 
The deposition setup is managed by a microcontroller and 
uses several parameters to control the depositions from 
dispersions or solutions.

MLG with few graphene layers and micrometric area 
were obtained by exfoliation of graphite in ultrasonic bath at 
different times of treatment. Films were deposited using MLG 
dispersion treated for 30, 60 and 90 minutes of ultrasound. 
Films electrically homogenous with relatively low electric 
resistance and low percentage of light transmitted were 
obtained using 60 and 90-minutes dispersions, but 30-minutes 
dispersion did not show electrical homogeneity. The films 
herein obtained can be used in chemical and biological 
sensors, electrochemical applications, flexible conductors 
substrates and electrochemical capacitors.
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