Pre prints.org

Article Not peer-reviewed version

Purification and Preparation of
Graphene-Like Nanoplates from Natural
Graphite of Canindé, Ce, Northeast-
Brazil

Lucilene dos Santos , Alejandro Pedro Ayala, Raul Lima da Silva , Thiago Alves Moura,
Joao Marcos Vitor Farias , Augusto Goncalves Nobre , Bruno Sousa Araujo,
Francisco Willame Coelho Vasconcelos , Janaina Sobreira Rocha

Posted Date: 25 March 2025
doi: 10.20944/preprints202503.1905.v1

Keywords: microcrystalline graphite; mineral characterization; raman spectroscopy; high-purity graphite;
graphene nanoplates

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4322637
https://sciprofiles.com/profile/126964
https://sciprofiles.com/profile/4331037
https://sciprofiles.com/profile/3217313
https://sciprofiles.com/profile/1098302
https://sciprofiles.com/profile/3674339

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2025 d0i:10.20944/preprints202503.1905.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article
Purification and Preparation of Graphene-Like

Nanoplates from Natural Graphite of Canindé, CE,
Northeast-Brazil

Lucilene Santos*, Alejandro Ayala 2, Raul Silva 3, Thiago Moura 4, Joao Farias 3,
Augusto Gongalves ¢, Bruno Aratjo 2, Francisco Vasconcelos 3, and Janaina Rocha ?

! Federal University of Ceard, Department of Geology, Fortaleza, CE, Brazil

2 Federal University of Ceara, Department of Physics, Structural Crystallography Laboratory, Fortaleza, CE,
Brazil ; ayala@fisica.ufc.br

3 Federal University of Ceard, Department of Metallurgical and Materials Engineering, Fortaleza, CE, Brazil;
raullimasilva@outlook.com

¢ Federal Institute of Education, Science and Technology of Ceara, Acarat, CE, Brazil

5 State University of Ceard, Department of Chemistry, Fortaleza, CE, Brazil

¢ Federal University of Santa Maria, Center for Natural and Exact Sciences, Santa Maria, RS, Brazil

7 Ceara Center for Technology and Industrial Quality (NUTEC), Materials Research Group, Fortaleza, CE,
Brazil

* Correspondence: lucilene.santos@ufc.br

Abstract: In this study, flotation tests were conducted on a laboratory scale using sample of
microcrystalline graphite ore from the Canindé region, Ceara, Brazil. The objective was to investigate
the grinding time, reagent dosage, and purification process for obtaining graphene-based
nanomaterials. Natural graphite has stacked planar structure and exhibits polymorphism with
rhombohedral, hexagonal, and turbostratic geometries, characteristics that directly influence its
properties and technological applications. The results demonstrated that it was possible to obtain
rougher concentrate with a graphite carbon content of 23.4% and a recovery of 86.4%, using grinding
time of 7.5 minutes and reagent dosages of 150 g/t of kerosene and 100 g/t of Flotanol D-25. This
flotation process resulted in a graphite concentrate with 76.6% graphite carbon content. To increase
the purity of the concentrate and expand its industrial applications, the graphite was purified in an
alkaline autoclave using the hydrothermal method. In the next stage, acid leaching was performed,
and this chemical treatment destabilized the regular stacking of the graphite layers, promoting the
formation of graphene-like nanoplates, including monolayer graphene. Thus, the nanomaterials
obtained through the process developed in this study have potential for various innovative
applications, such as lithium-ion batteries, electric vehicles, and two-dimensional graphene-based
materials.

Keywords: microcrystalline graphite; mineral characterization; raman spectroscopy; high-purity
graphite; graphene nanoplates

1. Introduction

The microcrystalline graphite ore is located in the Canindé region, Ceard, in northeastern Brazil.
Geologically, it is embedded in schists and paragneisses of the Central Domain of the northern
subprovince of the Borborema Province [1]. Carbon [2], an abundant element in the biosphere, has
been known since ancient times. In its native form, carbon mainly occurs as the diamond and graphite
phases. Despite having identical chemical compositions (theoretically pure carbon), these minerals
exhibit completely different physical, structural, and crystallochemical properties due to the distinct
pressure and temperature conditions under which they crystallize. Graphite is stable at petrologically

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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lower temperature and pressure conditions compared to diamond. Consequently, graphite has a less
dense crystalline structure than diamond.

Natural graphite deposits are rarely found in a pure state [3]; they usually contain impurities
such as silicates, sulfides, iron oxides, or other substances. Graphite is an industrially significant
mineral due to its chemical composition and unique structure. Its chemical formula is represented by
pure carbon (C), with a crystalline structure composed of layers of carbon atoms arranged in a
hexagonal network [4]. These layers are held together by Van der Waals forces, allowing them to
slide over each other, which gives graphite properties such as solid lubrication and high thermal and
electrical resistance. However, natural graphite generally contains impurities such as silicates, iron
oxides, and sulfides, making purification necessary for high-performance applications [5].

Beyond its importance as a raw material for various industries, natural graphite is a strategic
resource for producing advanced materials. With the growing advancements in nanotechnology and
electronics, the demand for high-purity graphite has increased significantly. Obtaining a high-quality
graphite concentrate is essential for manufacturing high-performance products, including lithium-
ion batteries, supercapacitors, and conductive materials [6].

Various methods are employed for graphite purification, including thermal, chemical, and
physical processes [7]. The thermal method involves heating at high temperatures to volatilize
impurities but requires high energy consumption. Chemical methods use strong acids and bases to
dissolve impurities, which can generate harmful environmental waste. Physical beneficiation
includes techniques such as gravity and electrostatic separation, which may have limited efficiency
in removing finely dispersed impurities. In this context, flotation emerges as a highly effective
method, as it allows the selective separation of graphite from impurities through the interaction of
specific reagents with particle surfaces. Flotation not only maximizes graphite recovery but also
minimizes environmental impacts, making it a sustainable alternative [8].

Graphite has widely diversified technological applications due to its structural and electronic
properties. Its transformation into nanomaterials, such as graphene, further expands its potential
applications in fields such as advanced electronics, biomedical devices, sensors, and energy storage.
Graphene is obtained by exfoliating graphite layers [9], resulting in atomic-thin sheets with
exceptional properties such as high mechanical strength, excellent electrical and thermal
conductivity, and a large surface area. This transformation process can occur through mechanical,
chemical, or electrochemical methods, with material stability being a critical factor for its
applicability. Graphene nanoplates, which are intermediates between graphite and monolayer
graphene, represent a promising alternative due to their ease of production and superior stability in
various applications [10].

Among the methods used for graphene production, acid leaching stands out, as it selectively
removes impurities and destabilizes graphite layers. This process uses acidic solutions to oxidize and
separate individual graphene layers, resulting in materials with high purity and controlled structural
properties. Acid leaching offers significant advantages, such as lower environmental impact
compared to traditional chemical methods and better control over graphene morphology and
properties. Additionally, this technique enables the production of graphene nanoplates with a high
degree of crystallinity, enhancing their electrical and mechanical properties, making them ideal for
applications in electronic devices and structural composites [10].

The exploration and beneficiation of graphite in the Canindé region, Ceara, have great potential
to generate high-value-added products and boost local socioeconomic development. The production
of graphene nanoplates from graphite extracted in the region can foster new industries focused on
advanced technologies, such as high-capacity batteries, flexible electronic devices, and
multifunctional coatings. Furthermore, developing a local production chain based on graphite
purification and nanomaterial production could attract investments and create skilled jobs,
strengthening the regional economy and promoting sustainable growth [11].

This study aims to develop and optimize methods for purifying and preparing graphene
nanoplatelets from natural graphite from Canindé. For this purpose, flotation, leaching, and chemical
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treatment processes will be investigated to obtain materials with enhanced properties for use in
strategic sectors. The results of this study are expected to contribute to advancing knowledge on
graphite beneficiation and its applications in nanomaterials, opening new technological and
industrial opportunities for the region. Additionally, the economic and environmental feasibility of
the employed processes will be evaluated to ensure that the conversion of graphite into graphene
nanoplatelets occurs sustainably and efficiently.

Graphene-like products obtained by exfoliating this graphite have a wide range of applications
and can be used in composite materials (incorporating graphene into polymers [12] and other
materials significantly improves mechanical properties such as strength and hardness, making it
useful for applications requiring lightweight and durable materials [13]) and special coatings [14]
(corrosion protection [15], flexible displays and sensors, antistatic and antimicrobial coatings, etc.
[16]). Due to the challenges of stabilizing graphene, graphite nanoplatelets have been considered a
substitute for graphene in various applications. These nanoplatelets may occur naturally, associated
with geological shear zones [4], or be obtained through simple beneficiation processes.

2. Experimental

2.1. Experimental Methods

The sample preparation was carried out at Lagetec, Department of Geology, Federal University
of Ceara (UFC), while the flotation study was conducted at the Laboratory for the Development of
Ceramic Materials, Department of Metallurgical and Materials Engineering, UFC. The graphite
purification and nanomaterial formation experiments were performed at the Ceara Center for
Technology and Industrial Quality (NUTEC). Chemical analyses by X-ray fluorescence and X-ray
diffraction were conducted at the X-ray Laboratory, Department of Physics, UFC. Raman
spectroscopy measurements were performed at the Analytical Center and the Structural
Crystallography Laboratory, both within the Department of Physics at UFC.

2.1.1. Flotation Experiment

Flotation tests were conducted using a sample of microcrystalline graphite ore. The ore needs to
be ground to meet the feed requirements before flotation. For natural graphite, a process flow based
on staged grinding and flotation is generally used. Laboratory-scale rougher flotation tests were
performed to study the grinding time and the dosage of reagents, kerosene (collector) and Flotanol
D-25 (frother) [7,8]. The study demonstrated that it was possible to obtain a rougher concentrate with
a graphite carbon content of 23.4% and a recovery of 86.4% using a grinding time of 7.5 minutes and
reagent dosages of 150 g/t of kerosene and 100 g/t of Flotanol D-25. Under these conditions, to further
concentrate the graphite, a flotation circuit was carried out, consisting of a rougher stage followed by
three successive stages of regrinding and cleaner flotation. During the selection process, the target
minerals and impurities are gradually dissociated through multiple grinding stages, and the optimal
number of grinding and flotation steps is experimentally studied and determined.

2.1.2. Chemical Purification in Alkaline Environment (C-NaOH treatment)

The purification of graphite was carried out through an alkaline treatment [17] in a
hydrothermal reactor [18]. Initially, a IM sodium hydroxide solution was prepared using 61 mL of
deionized water. Then, 4.00 g of graphite (C-bulk) was dispersed in the solution, forming a dense and
homogeneous suspension. The suspension was transferred to a Teflon vessel, which was properly
sealed and placed inside a hydrothermal reactor. The system was then subjected to a thermal
treatment in a muffle furnace at 200 °C for 6 hours. After this period, the material was cooled to room
temperature and subjected to a neutralization process. The pH adjustment was performed until
reaching pH 7 through successive washings with deionized water. The material was centrifuged and
washed to ensure the complete removal of alkaline residues [18]. Finally, the sample was subjected
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to a drying process in an oven at 70 °C for 24 hours, ensuring the removal of residual moisture before
subsequent processing and characterization steps.

2.1.3. Leaching in Acidic Environment (C-NaOH+H250: treatment)

The acid leaching of the previously purified material was carried out using sulfuric acid (H>SO4)
in an aqueous medium under magnetic stirring. For this purpose, a 1.0 M H,50, solution was
prepared by diluting the required amount of analytical-grade sulfuric acid (98% purity, 18.4 M) in 25
mL of deionized water. The powder obtained from the hydrothermal purification step (C-NaOH
treatment) was then added to this solution. The mixture was kept under constant magnetic stirring
in a heated water bath at 90 °C for 120 minutes. After the reaction time, the material was centrifuged
and washed until reaching pH 7, then dried in an oven at 70 °C until complete moisture removal [18].
The final product was labeled as “C-NaOH+H,SO, treatment.”

2.2. Characterizations

To determine the crystalline structure of the solids, X-ray diffraction (XRD) measurements were
performed using a Panalytical® Xpertpro MPD diffractometer equipped with a Co-Ka radiation tube,
operating at 40 kV, 20 mA, and a step size of 2° per minute. The analyzed samples were randomly
oriented using the powder method. The 20 angle range was from 0 to 100°. The interplanar spacing
(d) was used to interpret the mineral peaks.

The X-ray fluorescence (XRF) method was used for the chemical analysis of the mineral in
powder form, allowing qualitative and semi-quantitative determination of the elements. XRF
measurements were collected using a sequential wavelength-dispersive X-ray spectrometer (WDX)
RIGAKU ZSX Mini II, operating at 40 kV and 1.2 mA, with a Pd (palladium) tube capable of
performing semi-quantitative analysis of elements ranging from fluorine to uranium.

Fourier-transform infrared spectroscopy (FTIR) measurements were conducted using a
SHIMADZU IRXross instrument, operating in the frequency range of 4000 to 400 cm™, with 64 scans.
Absorbance was used as the analytical method, and potassium bromide (KBr) pellets served as the
sample support [19].

To identify the physicochemical structure of the analyzed materials [20,21], Raman spectroscopy
measurements were performed using an Alpha 300 spectrometer from Witec. A 532 nm excitation
laser with a power of 300 microwatts was focused on the sample through a 10x magnification
objective lens. Low excitation power was used to prevent sample degradation. The Raman spectra of
all three samples exhibited the characteristic peaks of carbon-based materials (D, G, and 2D bands).
The Raman spectra were analyzed using the Fityk software (version 1.3.1), where baseline subtraction
and spectral deconvolution into Lorentzian components were performed. No significant Raman peak
shifts were observed among the different samples. For comparison purposes, all spectra were
normalized relative to the G band.

Atomic Force Microscopy (AFM) analyses were also conducted using an Asylum MFP-3D
system, operating in intermittent contact mode with silicon tips (NCHR-W, manufactured by
NanoWorld, characterized by a force constant of 42 N/m and a resonance frequency of 320 kHz). A
scanning area of 10 um x 10 um was analyzed for each sample. All samples were dispersed in ethanol
using magnetic stirring at room temperature for 15 minutes and subsequently deposited onto a
silicon substrate suitable for nanomaterial characterization via atomic force microscopy.
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3. Results and Discussion

3.1. Flotation

The microcrystalline graphite ore sample exhibited a graphite carbon content of 6.85%,
indicating a significant number of impurities associated with and mixed into the natural graphite.
The flotation study results demonstrated that a graphite concentrate with a graphite carbon content
of 76.6% and a recovery rate of 64.0% was obtained in the laboratory, increasing the ore's purity by
removing impurities. However, these results also highlight the need for further studies to improve
recovery and achieve a concentrate with a higher graphite carbon content.

Given the necessity for more efficient purification, an autoclave purification method was applied
in a basic medium, followed by acid leaching.

3.2. XRD Analysis

For the X-ray diffraction (XRD) analyses, the powders obtained from the following stages were
used: raw graphite (ore - before flotation), C-Bulk (concentrate - after flotation), C-NaOH treatment
(treatment in a basic medium), and C-NaOH+H,SO, treatment (final graphene obtained). According
to the results, graphite is responsible for the highest diffraction peak intensity, with a peak
characteristic of graphite (002). Depending on the formation environment, graphite associations may
involve muscovite, which was well-matched to most peaks, though with low intensity. The quartz
mineral phase is also present. This association of the three minerals is common in deposits, especially
when the host rock is a graphitic schist. In all samples, the graphite peak has a 20 value at 31.5° and
an average dos spacing of 3.35 A [22,23]. Additionally, muscovite was interpreted in the same peak,
coexisting with the graphite peak in the graphite ore, C-Bulk, and C-NaOH treatment samples (Figure
la—c). Secondary peaks at 1.41 A, in smaller proportions, were also identified, reinforcing the mineral
interpretation for graphite. The XRD pattern of the sample before flotation (graphite ore) exhibits an
association of graphite (88.2%) with muscovite (11.4%) and quartz (0.3%). The C-Bulk sample
(concentrate - after flotation) consists of graphite (95%) and muscovite (5%), while the C-NaOH
treatment sample (treatment in a basic medium) contains graphite (96%) and muscovite (4%). The C-
NaOH+H,SO, treatment sample showed an almost singular graphite peak (99%) with a d-spacing of
3.35 A (Figure 1d), indicating a well-structured arrangement in the analyzed sample.
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Figure 1. X-ray diffraction patterns of the samples: (a) graphite ore, (b) C-Bulk, (c) C-NaOH treatment, and (d)
C-NaOH+H2S04 treatment.

3.3. XRF Analysis

For the chemical analyses using the X-ray fluorescence (XRF) method, the powders obtained
from the following samples were used: graphite ore (before flotation), C-Bulk (concentrate - after
flotation), C-NaOH treatment (treatment in a basic medium), and C-NaOH+H,SO, treatment
(graphene).
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The chemical composition of the graphite ore sample shows SiO, = 42.43%, Al,O; = 18.88%, CaO
=2.19%, MgO =1.06%, K,0 =7.55%, TiO2 = 2.69%, MnO = 2.69%, Fe,O3 = 23.81%, SO; = 0.34%, and Cl
=0.62%. The C-Bulk sample contains SiO; = 31.02%, AL,Os = 15.65%, CaO = 2.44%, K;O = 6.32%, TiO,
=2.90%, MnO = 0.54%, Fe;0s = 36.16%, SO3 = 0.37%, C1 =0.75%, P,Os = 3.67%, and C0,03 =0.18%. The
C-NaOH treatment sample presents SiO, = 29.75%, AlLOs = 12.88%, CaO = 2.61%, MgO = 1.06%, KO
= 5.13%, TiO; = 3.52%, MnO = 0.34%, Fe,Os; = 39.78%, P,Os = 3.73%, and Rh,Os; = 1.22%. The C-
NaOH+H,SO, treatment sample exhibits SiO, = 75.65%, Al,Os = 3.63%, CaO = 4.70%, KO = 3.71%,
Fe;0; =0.86%, and P,Os = 11.45%. These values are presented in Table 1.

Table 1. Chemical composition of the samples: graphite ore - Stage 1, C-Bulk — Stage 2, C-NaOH treatment -
Stage 3, and C-NaOH+H2504 treatment - Stage 4.

Analyses SiOo2 ARO3 | CaQ | MgO | K20 | TiO2 MnQ | Fe203 | SO3 Cl P205 | Co203 | Rh203
Method XRF XRF | XRF | XRF | XRF XRF XRF XRF | XRF | XRF | XRF XRF XRF
Unit % % % % % % % % % % % % %
Detectio 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 | 0.01 0.01 0.01 0.01
n Limit

| Stage 1 4243 | 18.88 2.19 | 1.06 7.55 | 2.69 2.69 23.81 034 | 062 | 0.00 0.00 0.00

| Stage2 31.02 | 15.65 244 | 0.00 632 | 2.90 0.54 36.16 037 | 075 | 3.67 0.18 0.00

| Stage3 29.75 | 12.88 261 1.06 5.13 | 3.52 0.34 39.78 0.00 | 0.00 | 3.73 0.00 1.22

| Stage 4 75.65 | 3.63 470 | 0.00 3.71 | 0.00 0.00 0.86 0.00 | 000 | 1145 0.00 0.00

The chemical composition of the sample before flotation (raw graphite) corresponds to the
mineralogy of microcrystalline graphite ore, which, in addition to graphite, also comprises muscovite
and quartz. The high Fe,O; content (23.81%) suggests a composition similar to ferrimuscovite, a
variety of muscovite that can occur in high-pressure metamorphic rocks or hydrothermal deposits.
The values of SiO, (31.02%), AlLOs (15.65%), KO (6.32%), and MnO (0.54%) in the sample after
flotation (C-Bulk) decreased, while the MgO content dropped to 0.00%. In contrast, CaO increased to
2.44%, TiO; to 2.90%, Fe,Os to 36.16%, and Cl to 0.75%. The composition also revealed SO; (0.37%),
P,0s (3.67%), and Co20; (0.18%). These chemical analysis results for C-Bulk indicate that the flotation
of microcrystalline graphite ore is essential for graphite concentration but still requires a more

efficient purification process to improve the graphite carbon content.

The chemical composition of the C-NaOH treatment sample (basic medium treatment)
compared to C-Bulk shows slightly lower values for SiO; (29.75%), AL,Os (12.88%), K2O (5.13%), and
MnO (0.34%). However, the MgO content increased to 1.06%, while CaO (2.61%), TiO, (3.52%), Fe2Os
(39.78%), and P,Os (3.73%) increased, with the appearance of Rh,Os (1.22%) in the composition.

The C-NaOH+H,SO, treatment sample presents the highest purity composition among all processing
stages, showing a significant reduction in ALLO; (3.63%), K20 (3.71%), and Fe,O; (0.86%), with the
complete removal of MgO, TiO,, and MnO. Additionally, CaO increased to 4.70%, P-Os to 11.45%,

and SiO; rose significantly to 75.43%.

The chemical composition of the C-NaOH+H,SO, treatment sample demonstrates a strong
reduction of impurities such as ferrimuscovite, through the reduction and elimination of elements
that compose this mica. Since muscovite is the main impurity in microcrystalline graphite ore, the
chemical data obtained by XRF and presented in this study indicate a purer natural microcrystalline

graphite concentrate.

3.4. FTIR Analysis

Fourier-transform infrared spectroscopy (FTIR) was used to characterize the chemical
modifications throughout the process of converting graphite into graphene [19]. A comparative
analysis of the spectra of the samples allows for identifying the main structural changes and the
gradual removal of oxygenated groups during the purification and reduction steps (Figure 2a). In the
spectrum of pure graphite (C-Bulk), a characteristic band is observed at ~1620 cm™, attributed to the
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C=C stretching vibrations of the hexagonal rings in the graphitic structure. The absence of significant
bands in the regions of ~3400 cm™ (axial vibration of hydroxyl -OH groups) and ~1720 cm™ (C=0
stretching of carbonyl groups) indicates low functionalization and the hydrophobic nature of the
starting material. During the chemical purification stage in an alkaline medium, the appearance of
bands in the ~1200-1400 cm™ region is observed, associated with C-O vibrations of epoxy and
hydroxyl groups, suggesting an initial modification in the graphite structure due to interaction with
the alkaline solution. However, it is in the acidic oxidation phase that the most significant structural
changes occur, characterizing the formation of graphene oxide (GO). The GO spectrum shows an
intense and broad band at ~3400 cm™, attributed to the presence of hydroxyl (-OH) groups, along
with a substantial increase in the band at ~1720 cm™, indicating the introduction of carbonyl (C=0O)
groups, typical of carboxylic acids and quinones. Additionally, new bands appear in the ~1050-1200
cm™! region, associated with C-O-C bonds, confirming the presence of epoxy groups. These structural
modifications result from the oxidation of graphite, making the material more hydrophilic and
dispersible in aqueous media. These spectral changes demonstrate the effectiveness of the
purification and reduction process in obtaining high-quality graphene.
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Figure 2. (a) FTIR spectrum of the C-Bulk, C-NaOH treatment and C-NaOH+H2S04 treatment samples; (b)
Raman spectra of the graphite ore; (¢) Raman spectra C-Bulk, C-NaOH treatment and C-NaOH+H2504

treatment samples.

3.5. Raman Analysis

The structural analysis reveals the crystallochemical and mineralogical characteristics of the
natural microcrystalline graphite samples (ore - before flotation). The Raman spectra (samples CAN-
01 and CAN-02) are similar to those observed in high-quality graphite. The presented Raman spectra
highlight characteristics of fine graphite, which is promising for graphene applications, especially the
CAN-02_P2 spectrum (Figure 2b).
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Raman spectroscopy analyses of the samples support the hypothesis of graphene nanoplatelets
formation in the C-NaOH+H,SO4 treatment, as the characteristic Raman spectrum of this sample does
not exhibit the shoulder in the 2D band (present in the spectra of the C-Bulk and C-NaOH samples),
which is a distinctive feature of graphite samples, according to references. The main features in the
Raman spectra of graphite and graphene are represented by the D, G, and 2D bands, as shown in
Figure 2c. The G band, associated with graphite, appears at approximately 1579 cm™, while the 2D
band is observed around 2700 cm™. These peaks are consistently present in graphite samples. The 2D
band of graphite, located at ~2700 cm™, typically exhibits a shoulder near 2650 cm™, a distinguishing
characteristic of graphite [20,24-30] as illustrated in Figure 2c, which presents the characteristic
spectrum of the C-Bulk sample. In the C-NaOH+H,SO, treatment sample, the formation of the D band
(~1336 cm™) is observed, indicating the presence of defects or edges in the material. The intensity
ratio between the D band (~1336 cm™) and the G band (~1579 cm™) provides information about the
structure, size, and number of defects in the carbon material [26,31], with defects likely originating
from the formation of smaller flakes. The 2D band spectrum, which appears without the characteristic
shoulder, is consistent with the presence of multilayer graphene flakes. Thus, the Raman
spectroscopy analyses reinforce the hypothesis of graphene nanoplatelet formation in the C-
NaOH+H,504 treatment sample, as its characteristic Raman spectrum does not show the shoulder in
the 2D band (present in the spectra of the C-Bulk and C-NaOH treatment samples), which is a
distinctive feature of graphite samples, according to references.

3.6. Atomic Force Microscopy (AFM) Analysis

Atomic Force Microscopy (AFM) scans of the C-Bulk samples (Figure 3a) and C-NaOH
treatment (Figure 3c) show the presence of particles exceeding 100 nm in size, as verified by the height
profiles along the cross-sections indicated in the scans and shown in Figure 3b,d for the C-Bulk and
C-NaOH treatment samples, respectively.

Height

Figure 3. Atomic Force Microscopy (AFM) images for all prepared materials. (a) C-Bulk; (b) C-Bulk - height
profile along the cross-section; (c) C-NaOH treatment; (d) C-NaOH treatment - height profile along the cross-
section; () C-NaOH+H,SO, treatment; (f) C-NaOH+H,SO, treatment- height profile along the cross-section.
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In contrast, the AFM scan of the C-NaOH+H,SO, treatment sample (Figure 3e—f) reveals the
presence of graphite agglomerates with sizes below 20 nm, which is consistent with the dimensions

of graphene-like nanoplatelets.

4. Conclusions

The microcrystalline graphite ore sample from Canindé, CE, composed of 88.2% graphite, 11.4%
muscovite, and 0.3% quartz, was subjected to flotation tests combined with chemical purification in
a basic medium followed by acid leaching. After this process, the sample exhibited high purity (99%
graphite) and strong potential for graphene and graphene-like materials production, displaying a
well-defined crystalline structure and thin particles. This combination of processes disrupted the
regular stacking of graphite layers, leading to the formation of graphene nanoplatelets, including
monolayer graphene, as evidenced by decrease in intensity at 31° 20 in the X-ray diffraction pattern,
change in the Raman spectrum between unprocessed graphite and the C-NaOH+H,SO;-treated
sample, where the shoulder in the 2D band is no longer observed, and AFM scan measurements
showing particle sizes below 20 nm, consistent with graphene nanoplatelets. The chemical
composition of the C-NaOH+H,S0, treatment sample indicates a significant reduction in impurities
such as ferrimuscovite due to the removal of elements that constitute this mica. The C-Bulk sample
(graphite concentrate) contains 76.6% graphitic carbon, which increases to over 99% after leaching,
with potential to reach 99.9%, suggesting highly efficient purification. Acid leaching presents
significant advantages, such as lower environmental impact compared to traditional chemical
methods and better control over the morphology and properties of the obtained graphene.
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