2022 19th International Conference on Electrical Engineering, Computing Science and Automatic Control (CCE). Mexico City, Mexico. November 9-11, 2022

MB adsorption by TiO2/GO nanocomposites: A comparison of the synthesis method
Francisco J. Cano
Nanociencias y Nanotecnología, CINVESTAV, México

IMMM, Le Mans Université, France
franciscojavier.cano@cinvestav.edu.mx
francisco.gomez_cano.etu@univ-lemans.fr

Javier Covarrubias García
Ingeniería eléctrica (SEES),
CINVESTAV- IPN, México
javier.covarrubias.g@cinvestav.mx

O. Reyes-Vallejo
Ingeniería eléctrica (SEES),
CINVESTAV- IPN, México
odin.reyes.v@cinvestav.mx

A. García-Sotelo
Departamento de Física,
CINVESTAV- IPN, México
alex@fis.cinvestav.mx

Abstract― Graphene oxide (GO) was synthesized by the Tour
method and incorporated into a commercial anatase TiO2 matrix by
photo-sonication and ball-milling methods, respectively. By XRD,
Raman, and FT-IR we checked the oxidation of graphite to GO and
compared the characteristics of TiO2/GO nanocomposites obtained by
both methods. Finally, we evaluated the percentage removal by
adsorption of Methylene blue (MB). For commercial TiO2, results
exhibit a maximum removal of ~33.9% after 210 min of exposure.
Likewise, after incorporation of GO to TiO2, the removal increased to
~40.57% in materials synthesized by the photo-sonication method,
while by the ball-milling method the maximum removal percentage
was ~65.11%. So that with this work we propose ball-milling as the
most suitable method for the fabrication of TiO2/GO nanocomposites
for application in MB removal by the adsorption mechanism.

Keywords: TiO2, graphene oxide, nanocomposites, methylene
blue
1.

Introduction

Titanium dioxide is one of the most promising modern
materials [1]. However, the use of pure TiO2 nanoparticles is
hampered by some limitations such as low adsorption capacity,
thus reducing its efficiency for wastewater and natural waterbody purification processes of organic pollutants. To overcome
such limitations, several strategies have been developed to
improve the efficiency of the material without the use of
additional energy sources, for example, implantation of metal
ions [2-4], synthesis of reduced photocatalyst TiO2 with
nonmetals [5, 6], morphological modification [7], modification
with rare earth compounds [8, 9], as well as the formation of
TiO2 composites with other materials [10, 11], which have
recently taken great interest due to the considerable
improvement of the material properties.
Due to their unusual structural and electronic
properties [14] and their high adsorption capacity [15],
graphene oxides can be used to enhance the sorption properties
of TiO2 when preparing nanocomposites [12, 13]. Different
methods have been reported for the design of the latter, some
examples are hydrothermal synthesis [16], sol-gel [17],
sputtering [18], and ball-milling [19]. The structural
characteristics, and therefore the sorption properties, will
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depend largely on the synthesis route, thus opening the
possibility of designing materials according to specific needs.
In this work, we synthesized graphene oxide (GO) by
the Tour method and subsequently incorporated it into a
commercial TiO2 matrix (particle size < 25 nm) by photosonication and ball milling, using a TiO2: GO weight ratio of
98:2. The obtained nanocomposites were characterized by XRay Diffraction (XRD), Raman spectroscopy, Fourier
Transform Infrared spectroscopy (FT-IR). Finally, the
adsorption removal efficiency of methylene blue (MB) was
compared with each nanocomposite synthesized by both
methods.
2.

Experimental procedure

2.1.

Graphene oxide by Tour method

The graphene oxide (GO) synthesis by the Tour method [20]
was carried out by combining 43.2 mL of concentrated H2SO4
(sulfuric acid ACS reagent, 95.0-98.0%) with 4.8 mL of
concentrated H3PO4 (orthophosphoric acid, 85%) in a ratio of
9:1(v/v). Next, 1 g of graphite powder was added to the acid
mixture and kept under constant stirring for 3 hours and then 3
g of KMnO4 was added. After 2 hours, a mixture of 12 mL of
analytical grade H2O2 (30% w/w) and 13 mL of HCl (36.5%38.0%) was added dropwise. After 30 min, distilled water was
added to the mixture to stop the reaction. The sonication
exfoliation process was then carried out for 30 min. A repeated
washing process was carried out by centrifugation at 4000 rpm
for 30 minutes until the residual liquid reached a pH of 7.
Finally, the material was dried in an oven at 65 °C for 12 hours.
2.2.

TiO2/GO nanocomposites

2.2.1.

Synthesis method by photo-sonification

The synthesized GO and the commercial anatase TiO2 powder
were separately suspended in a 30% ethanol aqueous solution
and using an ultrasonic bath (Branson 2510) at a frequency of
40 kHz for 15 minutes to obtain a homogeneous suspension.

Nanocomposites by ball-milling were prepared at room
temperature. Commercial anatase TiO2 and GO were mixed
using a weight ratio of 98:2 and milled using a high-speed ball
mill with 14 mm diameter silicon carbide balls at 300 rpm for
8 hours.
2.2.3.

Characterization

A D2 PHASER Bruker diffractometer was used for XRD
analysis under Cu-Kα radiation (λ=1.54056 Å) using a voltage
of 40 kV and a current of 30 mA. The scanning range for the
GOs was performed at 2θ from 8°-40°, while the
nanocomposites were analyzed at 2θ from 10°-60°, both with a
scanning speed of 0.02°/min, additionally the Bragg equation
(equation 1) [21] was applied to the reflection (001) to estimate
the average dhkl distance between graphene layers. Raman
spectra measurements were performed with the NT-MDT
Ntegra Spectra, using a green laser at 532 nm. Fourier transform
infrared (FTIR) spectroscopy was performed on a Perkin-Elmer
Frontier FTIR instrument, using a diamond ATR accessory in
the range of 1000-3500 cm-1 with a resolution of 4 cm-1.
Elemental mappings of nanocomposites were performed with a
Hitachi S5500 FESEM microscope at an acceleration voltage
of 5 kV. The specific surface area of the nanocomposites was
measured by 15-point nitrogen adsorption (Brunauer- EmmettTeller (BET): Micromeritics, Gemini 3240) after degassing the
powder at 150°C for 12 h in nitrogen.
2
2.2.4.

3.1.

Graphene oxide (GO)

A comparison of the XRD spectra of the precursor graphite with
the synthesized graphene oxide is shown in figure 1. A sharp
signal is observed in the graphite at 2θ≈26.15°, corresponding
to the (002) plane of the graphite [22], confirming the presence
of a well-organized layered structure with an interplanar
distance dhkl≈0.34 nm. On the other hand, in the GO pattern, it
is observed that the intensity of the (002) plane of graphite
reduced its intensity considerably, and at the same time, a signal
appears at 2θ≈11.84°, corresponding to the (001) plane of
graphene oxide, being this an indicator of the oxidation of the
material [23]. Furthermore, after calculating the interplanar
distance using Bragg's law (dhkl≈0.899 nm), an increase was
found compared to that of the precursor graphite, attributing
this to the intercalation of functional groups such as epoxy,
hydroxyl, carbonyl, and carboxyl in the basal plane of the
graphite [24].
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The percentage removal of Methylene Blue (MB) from the
nanocomposites prepared by each synthesis method was
evaluated using a 1 g/L dose. 100 mL of a 10 ppm MB solution
was treated. The MB dye solution and TiO2/GO
nanocomposites were subjected to vigorous stirring in the dark
for 210 min. Samples were taken every 3 min, centrifuged
immediately, and analyzed with a UV-Vis spectrophotometer
(JASCO spectrometer model V-670) to estimate the
concentration values of the MB dye solution. The maximum
wavelength selected to measure the MB dye concentration was
663 nm using deionized water as a reference. The removal
efficiency, R (%) were calculated by the following equations:
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Figure 1. XRD spectra of the precursor graphite and GO by Tour method
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Where, C0 and Ce are initial and equilibrium
concentrations of MB dye (mg/L), respectively.

Intensity (a.u.)

After 15 min, the GO suspension was poured into the TiO2
suspension, continuing the ultrasound exposure until 40
minutes were reached. The sample was placed inside a
photoreaction system under visible radiation from a 100 W
metal halide lamp and continuous agitation for 24 hours.
Finally, the resulting solution was dried on a heating plate at
80°C for 12 hours.

(Eq. 2)

Figure 2 shows a comparison of the Raman spectra of
the precursor graphite and GO. In graphite, the presence of a
strong G-band at ∼1579 cm-1 attributed to C=C stretching and
appearing in all sp2 carbon structures is observed, while the Dband at ∼1347 cm-1 is attributed to the presence of defects in
the graphite material [25]. In GO, a shift of the G-band towards
higher wavenumbers was observed, this being attributed to the
formation of more sp3 states in the lattice [26]. Likewise,
changes were observed in the D band, since, because of the
incorporation of more oxygenated groups, its intensity
increased, and the signal broadened [27]. Using the intensities
of the D and G bands, we calculated the ID/IG ratio, which
indirectly indicates the average size of the aromatic group. As
expected, and ID/IG ratio of GO>graphite was calculated, thus
verifying the higher presence of sp3 states because of defects
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On the other hand, there is a lack of carbon signals in
both nanocomposite spectra. This is attributed to a masking
effect of the TiO2 over the C signals, often explained by the
diffusion of C atoms, which possess smaller atomic radii
(0.0914 nm), into the Ti lattice (0.1448 nm) [39], being the
elemental diffusion the mechanism of formation of the
materials [40]. Further discussion on the presence of GO in both
samples will be provided by the Raman analysis.
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Figure 3 shows the FT-IR spectra for the precursor
graphite and the GO. No significant signals were observed in
graphite, coinciding with previous reports reported in the
literature [29-32]. While in GO, the signal corresponding to the
presence of hydroxyl groups was observed at ~3302 cm-1 and
stretching of water with hydrogen bonding (H-O-H) at ~3200
cm-1. At ∼1722 cm-1 the -C=O stretch corresponding to the
carboxyl groups was found and the C-O-C stretch (epoxide
group) appeared at two wavelengths (∼1373 cm-1 and ∼1200
cm-1) [33]. Finally, the C=C bonds of the non-oxidized domains
were observed at ∼1556 cm-1 [34]. The presence of intensities
corresponding to the functional groups, confirms the oxidation
of graphite and the formation of GO [35], being complementary
to the previous spectra by XRD and Raman, respectively.
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Figure 2. Raman spectra of the precursor graphite and GO by Tour method
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the commercial powder, the (101), (004), (200), (105), and
(211) planes of the anatase phase (JCPDS fiche no. 21-1272) are
observed at 2θ ≈ 25.90, 37.68, 47.94°, 53.77°, 54.94°. These
same planes, characteristic of the anatase phase, are observed
in the diffractogram of the nanocomposite made by photosonication. While in the diffractogram corresponding to the
nanocomposite obtained by ball-milling, a mixture of phases
was found. Signals at 2θ ≈ 27.41°, 36.29°, 41.47°, and 43.57°
were respectively attributed to the (110), (012), (111), and (210)
planes of the rutile phase (JCPDS fiche no. 21-1276). It is noted
that not all the anatase phase was transformed into rutile
because the diffraction signals of the anatase phase are still
mostly present. The phase mixing in the nanocomposite by ballmilling was attributed to the chemical reactions within the
atoms triggered by the increase of energy stored within the
mixture [36], caused by the increase of temperature and local
pressure at the collision sites of the powder and balls [37, 38],
due to the ball-milling process. Both composites, photosonication, and ball-milling made, appear to have broader
diffraction signals in comparison to the bare TiO2. This is
ascribed to a low crystallite size obtained because of the
sonication and milling processes, respectively. Also, the effect
is highly visible for the ball-milling sample, where the shape of
the signals resembles a classic nanosized particle diffractogram.
As well, a contraction of the TiO2 lattice is revealed by a shift
of its diffraction signals to higher angles; again, the effect is
more evident in the ball-milled sample. This behavior is often
related to the incorporation of GO into the TiO2 matrix.
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and disorder in the GO structure compared to the precursor
graphite [28].
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Figure 3. FT-IR of the precursor graphite and GO by Tour method
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3.2.

TiO2 nanocomposites

Figure 4 shows the XRD patterns for commercial TiO2 anatase
used as precursor compared to TiO2/GO nanocomposites
obtained by photo-sonication and ball milling, respectively. In
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Figure 4. XRD patterns of TiO2/GO nanocomposites by photo-sonication and
ball-milling compared to TiO2 anatase commercial
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Figure 5 shows the Raman spectroscopy of the
samples. In commercial anatase TiO2, the presence of four
characteristic vibrational modes of the anatase phase was
confirmed at ~149.4, ~402.21, ~522.55, and ~645.02 cm-1
corresponding to Eg, B1g, A1g, and Eg symmetries, respectively
[41]. So also, the same vibrational modes were observed in the
photo-sonication nanocomposite. For the ball-milling
nanocomposite, the presence of the anatase phase was verified
with the Eg vibrational mode at 161.83 cm-1, and additionally
the Eg and A1g modes of the Rutile phase at 427.37 and 617.43
cm-1, respectively [42]. XRD and Raman analyses confirmed
the formation of anatase and rutile phases of TiO2 in the
nanocomposite by ball milling, additionally, two bands were
observed around ~1361.31 cm-1 (D band) and ~1609.23 cm-1 (G
band) demonstrating the presence of graphene oxide in the
composite. The presence of D and G bands in TiO2/GO
nanocomposites indicates a strong interaction between the
individual materials (TiO2 and GO), which means that they can
work simultaneously on an application [43].
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3.3.

Figure 7 shows the MB removal results of commercial TiO2
compared to nanocomposites by ball-milling and photosonication, respectively. It was observed that, after 210 min,
commercial TiO2 alone achieved an adsorption removal of
~33.9%. Our results are comparable with those reported by
Ertuş et al. 2021, who removed ~32.3% MB [44]. After the
incorporation of GO into the TiO2 matrix, we verified an
improvement in the removal efficiency. The nanocomposite
synthesized by photo-sonication after ~200 min showed
removal of ~40.57%, this being an 8% improvement compared
to the single material. Whereas, with the ball-milling
synthesized nanocomposite, an improvement of more than
33.1% was found, with the removal of ~65.11%, after 200
minutes of exposure. This is attributed to a better and/or correct
integration of the GO to the TiO2 in the nanocomposite, being
previously observed with the XRD and Raman spectra, where
the results indicate a strong interaction between TiO2 and GO
phases; also, an inferred enhancement in the specific area of the
milled sample play a beneficial role in the adsorption property.
In both cases, minimal rises and falls were also observed,
attributed to desorption before the material reached removal
equilibrium. Such equilibrium was reached by ball-milling after
30 minutes, while by photo-sonication it was reached after 150
minutes of testing. In summary, the ball milling method was the
most suitable for the manufacture of TiO2/GO nanocomposites
for application in MB dye removal by adsorption mechanism,
due to the higher percentage of removal in less time.
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Finally, figure 6 shows a comparison of elemental
mappings of both nanocomposites. By ball milling a more
homogeneous distribution of the C belonging to the GO is
observed while by photo-sonication isolated regions are
appreciated with carbon, demonstrating with it the better
integration of both materials is carried out by ball milling.
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Figure 5. Raman of TiO2/GO nanocomposites by photo-sonication and ballmilling compared to TiO2 anatase commercial
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Figure 7. MB removal percentage by commercial TiO2 and TiO2/GO
nanocomposites by photo-sonication and ball milling.

4.

Conclusion

In this work, we synthesized GO by the Tour method and its
incorporation into TiO2 as nanocomposites using photosonication and ball-milling methods. After a comparison of the
percentage of MB removal, we demonstrated that the
incorporation of GO into the TiO2 matrix improved the removal
efficiency of the bare material. However, it was by the ballFigure 6. Ball milling and photo-sonication elemental mappings

milling method that we achieved a ~65.11% removal of the dye,
being this percentage better than that achieved with the
nanocomposite by photo-sonication. Therefore, ball-milling
allows us to create TiO2/GO materials with good MB removal
capacity by the adsorption mechanism and without using
additional energy sources, not to mention that the adsorption
equilibrium was reached much faster, thus representing a
considerable reduction of the measurement time.
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