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Graphene oxide synthesis for composite material preparation

Graphene, a material formed by carbon atoms with sp2 hybridization in a hexagonal arrangement, has differentiated characteristics in comparison to commercial
materials such as high flexibility, high electrical and thermal conductivity, and strong resistance due to the organized structure of the material and can be applied
in several branches of research. The best-known method for the production of graphene is the exfoliation of graphite using the methodology proposed by
Hummers, in which the commercial graphite is oxidized obtaining as final product the graphene oxide that can be converted into graphene. In this study, the
Hummers methodology was used in the oxidation of synthetic graphite and graphene nanoplates of 5 pm and 15 um. The obtained materials were characterized
by FTIR, RAMAN and XRD, allowing to observe the best synthesis to be used in the production of graphene oxide. Then, composites were prepared using the
graphene oxides obtained as filler. In order to obtain them, different mass quantities of graphene oxides (1%, 3% and 5% in relation to the polypropylene polymer
matrix) were used, demonstrating by the strain tensile stress tests that the composite materials have results more satisfactory than pure polypropylene.
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Sintese de oxido de grafeno para uso na fabricagéo de materiais
compositos

O grafeno, material formado por dtomos de carbono com hibridizagdo sp2 em un arranjo hexagonal, apresenta caracteristicas diferenciadas em comparag&o aos
materiais comerciais como alta flexibilidade, elevada condutividade elétrica e térmica, além de forte resisténcia devido a estrutura organizada do material podendo
ser aplicado em diversos ramos da pesquisa. O método mais conhecido para a produgdo do grafeno consiste na exfoliagdo do grafite utilizando a metodologia
proposta por Hummers, em que é realizada a oxidagdo do grafite comercial obtendo como produto final o 6xido de grafeno que pode ser convertido no grafeno.
Neste trabalho, a metodologia de Hummers foi empregada na oxidagdo do grafite sintético e de nanoplacas de grafeno de 5 um e 15 um. Os materiais obtidos
foram caracterizados por FTIR, RAMAN e DRX, permitindo observar qual a melhor sintese a ser empregada na produgdo do 6xido de grafeno. Em seguida, foram
preparados materiais compdsitos utilizando os dxidos de grafeno obtidos como carga. Para a obtengdo destes, foram utilizadas diferentes quantidades em massa
de 6xidos de grafeno (1%, 3% e 5% em relagdo a matriz polimérica de polipropileno), demonstrando pelos ensaios de tensdo na ruptura e de deformagdo, que os
materiais compdsitos possuem resultados mais satisfatérios que o polipropileno puro.

Palavras-chave: Polipropileno; Compdsitos; Extrusdo; Injegdo.
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INTRODUCTION

The branch of nanotechnology causes a great development in the technological sector due to the
diversity of areas of application (BORSCHIVER et al., 2005). Among the various applications of
nanotechnology, the preparation of composite materials using nanostructures provides properties that bulk
materials cannot achieve due to their size and can be used as reinforcement for polymer matrices. Carbon
has different structures whose properties vary with their shape and size. Some of them have nanometric
forms such as graphenes, fullerenes and carbon nanotubes (ALFAYA et al., 2002).

The different types of carbon forms include graphene oxide, a solid composed of a layer of oxidized
carbon atoms whose exact structure remains uncertain due to its low crystallinity, non-stoichiometric
composition and thermal instability (DREYER et al., 2010). Graphene, as it does not present these surface
irregularities, has excellent chemical, mechanical, optical and electronic properties attracting the attention
of several research groups (GEIM, 2009).

Due to this organization of carbon atoms in graphene, its mechanical properties have very high values
reaching tens of times the values presented by carbon steel. Examples of mechanical properties of graphene
are high values of Young’s modulus (1.5 TPa) and tensile strength (130 GPa). From this, its use in various types
of composites as a reinforcing load is feasible due to the combination of these mechanical properties, the
nanostructured characteristics, its low density and its high flexibility (EDA et al., 2008; LEE et al., 2008).
Graphene can be obtained by different methods, such as mechanical exfoliation (NOVOSELQOV, 2004), carbide
sublimation (SPRINKLE et al., 2010) and chemical vapor deposition (LI et al., 2011).

One option of using graphene is through graphene oxides, these being partially oxidized graphene
generated from processes involving oxidation of graphite or carbon nanotubes (HIGGINBOTHAM et al., 2010;
KOSYNKIN et al., 2009). The extent of oxidation degree of graphene oxide is dependent on its preparation
and the initial material (PARK et al., 2009). Graphene oxide is an intermediate structure between totally
oxidized graphite, which loses its planarity, and graphene which is formed solely by carbon atoms with sp?
hybridization and hydrogen atoms in a planar structure.

Graphene is considered a revolutionary material because it is extremely strong, lightweight, flexible
and excellent conductor of electricity (ZHAN et al., 2017) This material has been presenting several innovative
applications (ALAM et al., 2017; HUANG et al., 2016; WU et al., 2017) and has played a significant role in the
science of nanomaterials due to the diversity of its structural forms and peculiar properties

The production of composites, using nanoscale materials in their composition, presents a differential
in terms of mechanical properties, thus, graphene is considered ideal to reinforce composite materials. In
this case, any type of matrix can be studied, such as polymers, metals, ceramics, concrete, among others
(TREACY, 1996).

A widely used polymer matrix is polypropylene (PP). The advanced applications of PP have grown

significantly in the last years, because it has several crystalline modifications, which makes it a material with
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excellent tensile strength modulus, good chemical stability, high stiffness and low density, so it can be used
for different industrial applications (NISAR et al., 2017; HUANGA et al., 2017)

It is a low-density resin that offers a good balance of thermal, chemical and electrical properties,
accompanied by high flexural strength or fatigue strength and moderate impact strength. A peculiarity of PP
is its ‘folding effect’, that is, one can make pieces with folds in the material, such as folding bottle lids, and
eyeglass cases.

A disadvantage is its low resistance to weathering, since products obtained from PP when exposed
to the sun will be stained and there will probably be loss in material properties. Polypropylenes can be easily
processed in different ways, such as: injection, film extrusion, filament extrusion, thermoforming and blowing
(COUTINHO et al., 2003).

In recent decades, polymeric materials have replaced other materials such as metals in various
applications due to low cost, ease of processing and productivity. These materials are often modified by
combining with other materials to achieve the strength required for some applications, often obtaining
composite materials (CALLISTER, 2008; SAHEB et al., 1999).

The resulting properties of a composite are functions of a series of parameters such as the individual
properties of the constituent materials; the surface interaction between materials; the size, shape,
proportion, distribution and orientation of the reinforcement (AHMED et al., 1990). They are easily processed
materials and can be shaped at low temperatures and pressures. They have lower mechanical strength than
metallic and ceramic materials, so it is of interest to improve the mechanical strength of these materials by
adding reinforcements for applicability in various fields, depending on their structural morphology
(CALLISTER, 2008; SAHEB et al., 1999).

The thermoplastic matrix composites have advantages such as low cost and ease of processing
through processes such as extrusion and injection (SORRENTINO et al, 2017). The major problem of
thermoplastic-based composites is the reinforcement dispersion in the matrix, so the amount of
reinforcement that the matrix supports is lower than that based on thermoset polymers in order not to
hinder processability (SAHEB et al., 1999).

The materials most used as reinforcements in polymer matrix composites are synthetic fibers such
as glass fibers, natural fibers such as sisal, jute, rice husk, among others; and particulate mineral
reinforcements, such as talc and silica. The amount of reinforcement added to the matrix, the properties of
the reinforcement material and the interaction between the reinforcement and the matrix are determinant
for the properties of the composite.

Analyzing the above, this study aimed to synthetize graphene oxides using synthetic graphite and
graphene nanoplates of 5 um and 15 um as precursor materials, following the Modified Hummers method,
for later application in polypropylene matrix in production of composites with different properties of the

starting materials.
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MATERIALS AND METHODS
Manufacture of graphene oxides

The materials used in the synthesis of graphene oxides were: synthetic graphite in chips (Sigma-
Aldrich 99.9%, Brasil), graphene nanoplates with an average particle diameter of 5 and 15 um (XG Sciences),
P.A. potassium permanganate (Fmaia, Brasil), concentrated sulfuric acid PA (Fmaia, Brasil), hydrogen
peroxide (30% H,0;) (Anidrol, Brasil), P.A. hydrochloric acid (Fmaia, Brasil) and P.A. sodium chloride (Nuclear,
Brasil). The syntheses were performed based on the Hummers method (HUMMERS et al., 1958).

For the first synthesis, named H, using the modified Hummers method (KANG et al., 2016), 2.1 g
graphite and 50 mL concentrated sulfuric acid were added to a beaker under magnetic stirring at 0°C in a
thermostated bath. For two hours, at the same temperature, 6.16 g potassium permanganate was slowly
added. After one hour, the solution was heated and held for two hours at room temperature and additional
two hours at approximately 38°C. Subsequently, the material was washed with 250 mL deionized water and
5 mL hydrogen peroxide solution (30% H,0) was added to reduce the remaining potassium permanganate
to Mn? under stirring, thereafter allowing the mixture to precipitate out by 24h. The supernatant was
removed and the resulting material was washed with 250 mL 6M hydrochloric acid, letting the graphene
oxide precipitate again. Five washes were made by adding 250 mL deionized water to the graphene oxide,
allowing to precipitate and removing the supernatant at each step. This experiment was repeated using
graphene nanoplates with 5 um and 15 um as precursor materials.

For the second synthesis, called P, another modified methodology of the Hummers process was used
(YANG et al, 2013). Initially, 1 g graphite powder was mixed with 60 g sodium chloride in a beaker. The mixture
was ground in a mortar until obtaining a gray powder and the resulting material was suspended in one liter
of deionized water by removing the dissociated NaCl in water by vacuum filtration. The material was taken
to the oven at 90°C and, after drying, it was dissolved in 23 mL sulfuric acid (98% H,SO4) under magnetic
stirring for 8h. Under stirring, 3 g potassium permanganate were added in a thermostated bath with a
temperature below 20°C. The temperature was raised to 40°C, stirring for 30 minutes and 70°C for 45
minutes. 3 mL deionized water was added, and the mixture was heated to 105°C for five minutes twice. An
additional 40 mL deionized water was added at a temperature maintained at 100°C for fifteen minutes. The
reaction was terminated by adding 140 mL deionized water and 10 mL 30% H,0, solution. The product was
centrifuged, discarding the supernatant and washing the precipitated solid twice with hydrochloric acid (5%
HCI) and then three times with deionized water. Both materials were dispersed in water with pointer
ultrasound, lyophilized, stored and taken to characterization. This experiment was repeated using graphene

nanoplates with 5 um and 15 um as precursor materials.

Material characterization

The characterization of the products obtained in the graphene preparation and modification

processes was made using Fourier Transform Infrared Spectroscopy (FTIR) techniques using KBr pellets in a
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spectral range of 4000 to 500 cm™ in a Bruker, Vertex 70V spectrophotometer; RAMAN spectrometry with
532 nm laser in a 2 m/V scan using a Bruker, Senterra model, and X-ray diffraction (XRD) with radiation Cu
Ka, 40 Kv and 35 mA, with Ni filter in an X-ray diffractometer, D8 Advance model, Bruker. The diffractograms

were obtained with scanning speed of 0.52/min, step of 0.022 and angle (26) between 0.52 and 60°.

Extrusion and Injection of Composites

Different amounts of the materials obtained in the H and P syntheses were added to the
polypropylene polymer matrix (PP), supplied by a recycling industry located in the city of Maringa, State of
Parana3. The composite materials were prepared by extrusion using a Thermo Sientific twin-screw extruder,
MiniLab I HAAKE Rheomex CTW 5, using mold temperature of 190°C and rotation of 60 RPM, with
rectangular shape outlet profile and dimensions of 3.90 x 1.35 mm. The test specimens for the mechanical
tests were obtained using a Thermo Sicentific injection machine, HAAKE Minilet I, with a cannon
temperature of 210°C, mold temperature of 40°C, injection pressure of 650 bar, injection time of 15 s,

repression pressure of 300 bar and repression pressure time of 30 s.

Characterization of composites

The composites obtained were characterized by mechanical tensile strength tests in a universal
testing machine EMIC DL 10000 with load cell of 5000 N, test speed of 10 mm/min, according to the ASTM D
638 standard. An average of 8 tests was run for each type of composition of the different composites. The
Izod impact strength tests were performed on the CEAST equipment, Resil Impactor Junior, using a 2.7 J

pendulum. The measurements were performed following the ASTM D 256-00 standard.

RESULTS AND DISCUSSION
Characterization of materials

The analysis carried out using infrared spectroscopy (FTIR) showed that both H and P syntheses were
effective in the oxidation of graphite to graphene oxide. Both syntheses were also efficient in the oxidation
of graphene nanoplates of 5 um and of 15 um, since the results showed typical aspects of oxygenated groups
such as O-H, C-O and C=0O (FENG et al., 2014), as can be seen in Fig. 1a.

FTIR spectra showed a broad band in the region of approximately 3500 cm™ corresponding to (vou C-
OH) of alcohols and carboxylic acid of the surface of the material in addition to residual water. Signals in the
region of approximately 2950 cm™ represent (vcy) for CH, covered by the broad band of OH, while the
presence of two signals observed in the region of 1630 cm™ and 1730 cm™ can be attributed, respectively, to
(6 H20) and (vc=0 of COOH) of the groups present in the GO. There is also the presence of signals in the region
of 1050 cm™ referring to (vc.o) of epoxy groupings in addition to the signals at 1220 cm™ of (vcoc) also for
epoxides. The presence of these peaks containing groups with oxygen reveals that the materials were
oxidized (CHEN et al., 2010).
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The relative intensities of the oxygenated groups are different between the two syntheses, with
smaller or higher intensities of these bands, especially those related to the carboxyl and epoxyl groups,
showing that the three samples (graphite and graphene nanoplates) presented oxidations, generating
different amounts of groups for each of the syntheses.

The samples obtained using P synthesis are richer in carboxyl groups, a result obtained for both the
samples having as precursor materials the graphite or the graphene nanoplates of 5 um and 15 pm, shown
in Fig. 1a. However, the samples synthesized by H presented higher amounts of epoxyl C-O groups,
independently of the precursor materials are graphite or graphene nanoplates (5 um and 15 um) as shown
in Fig. 1a.

It is possible to say from the spectra that the P synthesis generated a product with more effective
oxidation, due to the greater broadening of the OH band around 3200 cm™ and the presence of the C=0
band around 1700 cm™ almost invisible in the spectra of the samples synthesized by H. The Raman
spectroscopy technique was used to obtain information about the structural and electronic characteristics of
graphite oxide. The results indicate the bands D and G, which indicate respectively the material defects and
the vibration of sp? carbon atoms, characteristic of all carbon composites with this hybridization (RATH et al.,
2015).

Figure 1b illustrates the Raman spectra of graphene oxides. Carbon allotropes present their
fingerprints in the Raman technique, with the presence of D, G, D’ and G’(or 2D) bands, around 1350 cm™?,
1580 cm™, 1620 cm™ and 2700 cm’, respectively. Overtones or the combination of vibrational modes
depending on the condition in which the spectrum is acquired can also be observed, as in the case of the D +
G (at 2930 cm™) and G” (at 3220 cm™) bands (MALARD et al., 2009).

In the two syntheses, H and P, the presence of bands D and G was observed around 1400 cm™ and
1600 cm™, respectively. Taking into account the Raman spectrum of graphite, precursor material, it is possible
to notice that the structure of the material was modified due to the oxidation process, since the band D not
so evident of the graphite spectrum, which indicates the organization of the structure with few defects was
altered after oxidation, indicating the entry of oxygenated groups in the graphite and the defects caused by
this process.

Figure 1c shows the diffractograms for the obtained composite materials and the precursor materials
used as reinforcement (filler). It is possible to observe that the precursor materials have an XRD pattern with
a peak at approximately 26° (20) attributed to the turbostatic arrangement of graphene and graphite
exhibiting interlayer spacing of about 3.4 A. For the oxidized materials, the presence of the peak at 10° (26)
referring to the reflection (001) of graphene oxide with a spacing of the order of 8.4 A, indicating that the
processes used for the oxidation of precursor materials were effective in the preparation of the
reinforcement. Since the appearance of the oxidized groups favors the interactions with the PP matrix,

assisting in the mechanical properties (HUIZAR-FELIX et al., 2016).

Revista Ibero-Americana de Ciéncias Ambientais Page | 162
v.10-n.1 ¢ Dez 2018 a Jan 2019



Graphene oxide synthesis for composite material preparation
CORSO, M.; ALBUQUERQUE, A. C. D.; AMARQO, L. P.; BERTO, L. K.; FAVARO, S. L.; IMAI, H. E.; CARDOSO, A. P.; YAMAGUCHI, N. U.; REZENDE, L. C. S.

Transmittance (%)
A

Graphene®s
Graphana 5
Graphite

Intensity (arbitrary)
o
3

]
Grafeno 15
Grafeno 5
Grafite

[
A S a0,

4000 as00 acoo 2500 2000

Wavenumber (sm'}

T
5030

T T T T T
1000 1500 2000 2500 3000 3500

Wavanumber (em)

Pl
Grafeno 15
Graleno 5

Grafita

a0 40

28(degrea)

50 60

H.

Figure 1: Results obtained for the precursor materials graphite, graphene nanoplates of 5 um and 15 pum and composite

materials a. Infrared spectrum (FTIR), b. Raman spectra and c. X-ray diffraction spectrum (XRD).

Characterization of the test specimens

The specimens obtained after the extrusion and injection processes were characterized by 1ZOD traction

and impact analyses. The results for the tensile test are shown in Figs. 2a, 2b and 2c together with the results for

pure PP. Figure 2a shows the results obtained for the Modulus of Elasticity (MOE). For pure PP, the value was 92

MPa. It is possible to observe that when the materials from the syntheses were added, the values for the moduli

of elasticity were greater, proportionally to the amount of material added, for 1%, 3% and 5%, that is, when

increasing the amount of material added to the polymer matrix, an increase in MOE was observed. Probably this

increase was caused by the reinforcement given by the graphite blades to the polymer matrix, thus benefiting the

material.
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Figure 2: Composite materials obtained in the H and P syntheses and reference a. Modulus of elasticity, b. Tensile stress, c.
Elongation obtained and d. Impact resistance.
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Figure 2b illustrates a decrease in the values obtained for the tensile stress of the test specimens in
relation to PP, which was 39 MPa. This reduction in the values may be associated with the reduction of the
mobility of molecules in the polymer matrix that are not able to dissipate the mechanical energy suffered. It
may be that when reinforcement loads are added, the composites become stiffer, becoming brittle,
consequently decreasing the tensile stress.

This fact can also be seen in Fig. 2c, when there is also a reduction in elongationm in which amounts
of reinforcements are added to the polymer matrix. Generally, when increasing the amount of reinforcing
material added, a decrease in elongation is observed. In the results obtained for the impact test, according
to Fig. 2d, there was an increase in resistance when compared to the pure polymer for the test specimens
obtained by the H synthesis.

For the test specimens obtained by the P synthesis, there was a decrease in the impact resistance
when compared to the pure PP, probably from the oxidative process, which is stronger in the H synthesis.
This fact corroborates that observed in Fig. 1a, where the material obtained using the P synthesis has a
greater amount of epoxyl groups, that is, of carbonyl bonds, the interaction of this material with the polymer

matrix being more difficult.

CONCLUSIONS

In this study, it was possible to synthesize and characterize graphene oxides with different degrees
of oxidation for three precursor materials: synthetic graphite and graphene nanoplates with an average
particle diameter of 5 and 15 um, observing by infrared techniques with FTIR and Raman that the product
resulting from the P synthesis has undergone a more effective oxidation, having the best-defined peaks.

The composite materials presented satisfactory results for the traction test. The values obtained for
the modulus of elasticity and tensile stress tests were higher than the test specimens with pure
polypropylene, confirming once again an effective oxidation. Although there is a slight decrease in the impact
resistance of test specimens made with graphene oxide using P synthesis, the results obtained are within the
table values for polypropylene, which is 24 J.m™. In this way, the P synthesis presented a better performance.
The obtained graphene oxide is feasible to be incorporated in polypropylene polymer matrix, since it

presented good mechanical properties, being economically viable.
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