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Abstract

Carbonaceous materials were synthesized from sugarcane bagasse (BAz), coconut shells (CC), and peach kernels (SD)
through carbonization followed by nitric acid activation. The materials were characterized by FTIR, XRD, and SEM analyses.
FTIR results revealed functional groups typical of activated carbons, while XRD patterns showed partially amorphous
graphitic structures with nanometric domains (<100 nm). SEM micrographs evidenced heterogeneous surfaces with cracks
and openings, mainly in the carbons derived from BAz and SD. Finally, methane (CH4) adsorption was evaluated, showing
higher performance for activated carbons compared to non-activated carbons at 40 and 60 °C. The activated carbon obtained
from sugarcane bagasse (CAs/BAz) exhibited the highest CH4 adsorption, reaching 60.31 % at 60 °C.

Keywords: Activated carbons, greenhouse gases, methane, adsorbent.

Resumen

Se sintetizaron materiales carbonéceos a partir de bagazo de cafia de azlcar (BAz), cascaras de coco (CC) y semillas de
durazno (SD) mediante carbonizacién y activacién con &cido nitrico. Los materiales fueron caracterizados por FTIR, DRX y
MEB. Los resultados FTIR mostraron grupos funcionales tipicos de carbones activados, mientras que los patrones DRX
evidenciaron estructuras grafiticas parcialmente amorfas con dominios nanométricos (<100 nm). Las micrografias MEB
revelaron superficies heterogéneas con grietas y aperturas, principalmente en los carbones derivados de BAz y SD.
Finalmente, se evalud la adsorcién de metano (CH4), observandose un mayor desempefio para los carbones activados
respecto a los no activados a 40 y 60 °C. El carbén activado obtenido a partir de bagazo de cafia de azicar (CAs/BAz)
presentd la mayor adsorcién de CH4, alcanzando 60,31 % a 60 °C.

Palabras clave: Carbones activados, gases de invernadero, metano, adsorbente.

1 Introduction than that of CO,, suggesting that, over time, methane could

become the predominant greenhouse gas (Carmona et al.,
Livestock production and agricultural activities have  2005).

contributed significantly to the increase in anthropogenic
greenhouse gas emissions, such as methane, carbon dioxide,
and nitrous oxide, into the atmosphere. The increase in the
concentration of these gases has contributed to global surface
warming and to the deterioration of the ozone layer in the
stratosphere. Among these gases, CO- is considered the most particles with severe environmental impact. Activated

abundant and the main contributor to global warming. carbons (ACs) possess high chemical affinity, elevated

Although the major natural and anthropogenic sources  porosity and surface area, and exceptional adsorption
of methane worldwide (millions of tons/year) remain lower  capacity. In addition, they allow adsorbate recovery and
than those of CO2, methane emissions have been increasing  regeneration of the activated carbon used as an adsorbent
at a considerable rate. Furthermore, methane exhibits an  material for different types of gases, thereby contributing to
environmental impact approximately 21 to 30 times greater  the reduction of environmental pollutants (Johnson et al.,

In this context, transportation systems operating
through incomplete fuel combustion (automobiles, trucks,
and motorcycles) generate waste products that are released
into the environment, not only in large quantities but also
with pollutants that increase the emission of gases and solid
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1995). Interest in these carbonaceous materials is associated
with several important properties, including: (1) thermal
stability, (2) resistance to acid attack, (3) predominantly
hydrophobic character, (4) relatively low cost, and (5) porous
structure. Consequently, in recent years, there has been a
substantial increase in studies related to their synthesis and
potential applications in gas adsorption and separation, as
well as in industrial processes in general (Lozano, 2001).

Considering the above, the aim of this research is to
synthesize activated carbons from abundant biomass sources
such as sugarcane bagasse, peach kernels, and coconut shells,
and to characterize them by Fourier Transform Infrared
Spectroscopy (FTIR), X-ray Diffraction (XRD), and
Scanning Electron Microscopy (SEM). Subsequently, their
gas adsorption capacity, particularly for methane (CH.), will
be evaluated using gas chromatography, contributing to
studies focused on reducing greenhouse gas emissions and,
consequently, improving current climate conditions.

2 Experimental Procedure
2.1 Synthesis of Activated Carbons

Activated carbons (ACs) were synthesized from: (1)
sugarcane bagasse, (2) peach kernels, and (3) coconut shells,
using the modified impregnation method described by Kim
and Ahn (2010) and later investigated at the Kinetics and
Catalysis Laboratory of the Universidad de Los Andes by
Marin® (Marin, 2015) and Prado (Prado, 2018). The synthesis
procedure consisted of two main stages: the preparation of
carbonaceous materials and the subsequent activation of the
carbons.

2.1.1 Preparation of Carbonaceous Materials

The raw materials were treated through a carbonization
process, including sugarcane bagasse (Blanco et al., 1999),
peach kernels, and coconut shells (Kim and Ahn, 2010).

2.1.1.1 Carbons Derived from Sugarcane Bagasse

Sugarcane bagasse samples were washed with distilled
water to remove impurities. The samples were air-dried and
subsequently placed in a muffle furnace at 600 °C using a
heating rate of 5 °C min? for 1 hour. The resulting solid
material was sieved until a particle size less than or equal to
80 mesh (250 um) was obtained.

SUGARCANE BAGASSE Take a known sample of BAz

(BAz) and place itin a muffle furnace

v

Heating:
Ambient temperature up to 600 °C
(speed 5 °C/minute) in air

Maintain the temp. at 600 °C
for approximately 1 hour

¥

Crush and sieve the solid to a
size of £ 80 mesh

Fig. 1. Schematic representation of the preparation of carbon (CBAZ)
derived from sugarcane bagasse.

CARBON obtained CBAz
(Sugarcane bagasse )

The carbonization process was carried out in a muffle
furnace, which allowed strict control of the temperature ramp
and residence time. The dried samples were heated from
room temperature to 700 °C at a heating rate of 5 °C min™
under an air atmosphere and maintained at this temperature
for approximately 1 hour. The resulting solid was crushed,
ground, and sieved until a particle size less than or equal to
80 mesh (250 um) was obtained (Blanco et al., 1999). The
schematic procedure for obtaining carbon from sugarcane
bagasse is shown in Figure 1.

2.1.1.2 Carbons Derived from Peach Kernels

The collected peach kernel samples were washed with
distilled water to remove residual pulp. Subsequently, the
samples were placed in a drying oven at 100 °C for 5 hours.
The peach kernels were then dried at 200 °C for 12 hours
prior to the subsequent thermal treatment.

PEACH PITS WASH the dried kernels (DS)
(SD) with plenty of distilled water

v

PLACE the DS in an oven at 100
°C for approximately 5 hours

v

DRY the DS in an oven at 200 °C
for approximately 12 hours

¥

PLACE the dried DS in a muffle
furnace

¥

HEAT the DS from room temperature to
700 °C (heating rate 5 °C/min) under an
air atmosphere for approximately 3 h

v

Crush, macerate, and sieve the
sample to a size < 80 mesh

CARBON obtained CSD
(peach kernels)

Fig. 2. Schematic representation of the synthesis of carbon (CSD) derived
from peach kernels.
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The carbonization process was carried out in a muffle
furnace. The dried samples (~6.0 £ 0.1 kg) were heated from
room temperature to 700 °C at a heating rate of 5 °C min™
under an air atmosphere and maintained at 700 °C for
approximately 3 hours. The resulting solid was crushed,
ground, and sieved until a particle size less than or equal to
80 mesh (250 um) was obtained (Kim and Ahn, 2010). The
schematic procedure for obtaining carbon from peach kernels
is shown in Figure 2.

2.1.1.3 Carbons Derived from Coconut Shells

The coconut shell samples were sanded, washed, and
boiled in distilled water at approximately 100 °C for 5 hours
to remove residual organic matter. Subsequently, the cleaned
shells were dried in an oven at 200 °C for 12 hours prior to
thermal treatment.

The carbonization process of the cleaned and dried
coconut shells was carried out in a muffle furnace. The
samples were heated from room temperature to 700 °C at a
heating rate of 5 °C min* under an air atmosphere and
maintained at 700 °C for approximately 3 hours. The
resulting material was crushed, ground, and sieved to obtain
a particle size close to 80 mesh (Kim and Ahn, 2010). The
schematic procedure for obtaining carbon from coconut
shells is shown in Figure 3.

COCONUT SHELLS SAND and WASH the C.C. with

(cQ) plenty of distilled water

Y

BOIL the C.C. in WATER at 100 °C
for approximately 5 hours

v

DRY the C.C. in an OVEN at 200
°C for approximately 12 hours

!

PLACE the dried C.C. in a muffle
furnace

v

HEAT the C.C. from room temperature to
700 °C (heating rate 5 °C/min) under an
air atmosphere for approximately 3 h

!

Crush, macerate, and sieve the
sample to a size < 80 mesh

CARBON obtained CCC
(coconut shells)

Fig. 3. Schematic representation of the synthesis of carbon (CCC) derived
from coconut shells.

2.1.2 Carbon Activation

The chemical activation of the prepared carbons,
obtained from sugarcane bagasse (CBAZz), peach kernels
(CSD), and coconut shells (CCC), was carried out in a reflux
system using concentrated nitric acid (HNOs, Merck). The

first step of the activation process consisted of adding
approximately 400 mL of nitric acid into a three-neck glass
flask, followed by the slow addition of four (4.0) g of carbon

material.
PLACE 400 mL of 65% HNO3 in a

three-necked flask

REFLUX SYSTEM

under constant stirringat 1000 rpml

SLOWLY add 4.0 grams of natural
carbon

I}

MAINTAIN the mixture ata
reflux temp. of 80 °C for 16 hours

v

WASH the carbons with deionized
water until pH is neutral

v

DRY in an oven at 120 °C for ~
24 hours

ACTIVATED CARBON ‘L

CAs/BAz - CAs/SD - CAs/CC Crush, macerate, and sieve the
sample to a size < 80 mesh

Fig. 4. Schematic representation of the activation process of the
synthesized carbons (Cas/Baz, Cas/SD, and Cas/CC).

The entire process was carried out under constant
stirring (~1000 rpm). Subsequently, the mixture was
maintained under reflux conditions at a constant temperature
of approximately 75 °C for 16 hours. After chemical
activation, the resulting activated carbons were washed with
abundant deionized water until neutral pH was reached.
Finally, the activated carbons (Cas/Baz, Cas/SD, and
Cas/CC) were dried in an oven at 120 °C for 24 hours (Kim
and Ahn, 2010). The schematic representation of this
procedure is shown in Figure 4.

2.2 Synthesized Materials

The activated carbons (Acs) obtained from different
natural sources (Cas/Baz, Cas/SD, and Cas/CC) through
carbonization followed by acid impregnation are presented in
Table 1.

Table 1. Activated carbons obtained by carbonization/acid
impregnation from different raw materials (Baz, SD, and CC).

Material Method Code
Carbon (Baz) C/Ac. Imp. CBAz
Carbon (SD) C/Ac. Imp. CSD
Carbon (CC) C/Ac. Imp. CCC
Activated carbon (Baz)  C/Ac. Imp. Cas/Baz
Activated carbon (SD) C/Ac. Imp. Cas/SD
Activated carbon (CC) C/Ac. Imp. Cas/CC

Baz = Sugarcane bagasse; CC = Coconut shells
SD = Peach kernels; C/Ac. Imp. = Carbonization / acid impregnation
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2.3 Characterization

The prepared carbonaceous  materials  were
characterized by Fourier Transform Infrared Spectroscopy
(FTIR) using a PerkinElmer Frontier infrared

spectrophotometer located at the Kinetics and Catalysis
Laboratory, Faculty of Sciences, Universidad de Los Andes
(ULA). Powder X-ray Diffraction (XRD) analyses were
performed using an automated Phillips PW 1050/25
diffractometer with Cu Ka radiation (A = 1.5416 A) at the
Crystallography Laboratory, Faculty of Sciences, ULA.
Scanning Electron Microscopy (SEM) analyses were carried
out using a HITACHI S-2500 scanning electron microscope
(1992 model) at the Electron Microscopy Center of the
Universidad de Los Andes. All analyses were performed on
both activated and non-activated samples.

3. Results and Discussion
3.1 Fourier Transform Infrared Spectroscopy (FTIR)

The infrared spectra of the synthesized carbons are
shown in Figure 5. The FTIR band assignments for the non-

activated carbons (CBAz, CSD, and CCC) are presented in
Table 2.

CBAz
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Fig. 5. FTIR spectra of non-activated carbons (CBAz, CSD, and CCC)
obtained from Baz, SD, and CC.

Table 2. FTIR bands of non-activated carbons (CBAz, CSD, and CCC) obtained from Baz, SD, and CC.

v (ref) em? v (cm?) Bond Assignment

3400 3413.8 O-H Symmetric and asymmetric stretching vibrations of the O—H group
2950-2845 2926-2854.2 C-H Symmetric and asymmetric vibrations of aliphatic C—H bonds (-CH; -CHs)
1650-1600 1643 c=C Stretching vibrations of the C=C bond (aromatic compounds)

1440-880 1118-1020.4 C-H In-plane bending vibrations of the C—H bond

650 ~671.9 H-C=C Out-of-plane bending vibrations of aromatic compounds

455 ~518.8 H-C=C  Out-of-plane bending vibrations of aromatic compounds

Table 3. FTIR bands of activated carbons (Cas/Baz, Cas/SD, and Cas/CC) obtained from CBAz, CSD, and CCC.

N (ref.) cm™ v (ecm™?) Bond Assignment

1

3400 3403.6 O-H Symmetric and asymmetric stretching vibrations of the O-H group

2950-2845  2928-2854.9 C-H Symmetric and asymmetric vibrations of aliphatic C—H bonds (-CH, -CH5)

1765-1645  ~1720 C=0 Stretching vibrations of the C=0 bond (ketones, aldehydes, lactones, or
carboxylic groups)

1650-1600 1603 Cc=C Stretching vibrations of the C=C bond (aromatic compounds)

1260 1202.9 Cc-O Stretching vibrations of the C—O bond (esters and/or phenols)

1180 1191.8 Cc-O Stretching vibrations of the C—O bond (carboxylic acids)

790 791.5 C-H Out-of-plane bending vibrations of the C—H bond

650 726.7 C-H In-plane bending vibrations of the carbon-hydrogen (C-H) bond

455 518.8-466 H-C=C Out-of-plane bending vibrations of aromatic compounds

The broad band observed near 3400 cm is attributed to
stretching vibrations associated with hydroxyl groups (OH"),
indicating the presence of moisture in the synthesized
samples (non-activated carbons) (Primera et al., 2011). The

peaks between 2926 and 2854.2 cm™ correspond to the
symmetric and asymmetric vibrations of aliphatic C—H bonds
(~CHz and —CHs) (Rosquete, n.d.). The band at 1643 cm™ is
associated with stretching vibrations of the C=C bond,
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characteristic of aromatic compounds (Primera et al., 2011).
The absorption peaks between 1118 and 1020.4 cm™ are
attributed to in-plane bending vibrations of the carbon-
hydrogen (C-H) bond (Primera et al., 2011). Around 671.9
cm? and 518.8 cm (slightly shifted), characteristic signals
corresponding to out-of-plane bending vibrations of aromatic
compounds are observed (Yin et al., 2009).
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Fig. 6. FTIR spectra of activated carbons (Cas/Baz, Cas/SD, and Cas/CC)
obtained from CBAz, CSD, and CCC.

The FTIR spectra of the activated carbons (Cas/Baz,
Cas/SD, and Cas/CC) are presented in Figure 6 and Table 3.
The broad band at approximately 3403.6 cm™ corresponds to
stretching vibrations of hydroxyl groups (OH"), indicating
the presence of moisture in the samples (Primeraetal., 2011).
The small bands between 2928 and 2854.9cm! are attributed
to the symmetric and asymmetric vibrations of aliphatic C—
H bonds (-CH, and —CHs) (Rosquete, n.d.). The signal
observed near 1720 cm™ is associated with stretching
vibrations of the C=0O bond originating from ketones,
aldehydes, lactones, or carboxylic groups (Rosquete, n.d.).
The band located at 1603 cm™ corresponds to stretching
vibrations of the C=C bond, characteristic of aromatic
compounds (Primera et al., 2011). The medium-intensity
peak at 1202.9 cm* and the high-intensity peak at 1191.8 cm
! correspond to stretching vibrations of the C-O bond in
esters and/or phenols and carboxylic acids, respectively
(Primera et al., 2011).

The bands observed near 791.5 cm™ and 726.7 cm™
correspond to in-plane bending vibrations of carbon—
hydrogen bonds (Rosquete, n.d.). The signals at lower
wavelengths, below 550 cm™, are attributed to out-of-plane
bending vibrations of aromatic compounds (Yin et al., 2009).

3.2 X-ray Diffraction (XRD)

Figure 7 shows the diffraction patterns of the non-
activated carbons (CBAz, CSD, and CCC) and activated
carbons (Cas/Baz, Cas/SD, and Cas/CC). The identification
of the phase(s) present in the synthesized carbons was
performed using: (1) the X’Pert HighScore Plus 2.1 software
with the PDF2-2004 database from the ICDD, which
identified the presence of a hexagonal graphitic carbon-type
phase (space group: P63mc), corresponding to card 00-002-
0456 (Harcourt et al., 1942); and (2) comparison with articles
published in recognized scientific journals (Yin et al., 2009).
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Fig. 7. XRD patterns of non-activated carbons (CBAz, CSD, and CCC)
and activated carbons (Cas/Baz, Cas/SD, and Cas/CC). Activated carbon at
800 °C (Yin et al., 2009). Reference card: 00-002-0456 (Graphite).

These results indicate that the diffraction peaks obtained
correspond to the (002), (010), and (111) planes,
respectively. The peak associated with the (002) plane can be
related to stacked-layer structures with aromatic
characteristics, whereas the peaks corresponding to the (010)
and (111) planes are associated with non-planar aromatic
structures present in lower proportions (Yin et al., 2009).

The most intense peak observed near 25° is attributed to
the formation of graphitic plates, generating a carbon—pore
structure that provides experimental evidence for the
presence of carbon—pore surfaces. This behavior was also
reported by Rampe et al. (2011), who concluded that
increasing the calcination temperature leads to a reduction in
the interlayer spacing and an increase in both the crystalline
diameter and the average height between the aromatic layers
of the synthesized carbons. As a result, the amorphous carbon
structure progressively transforms into a semicrystalline

Revista Ciencia e Ingenieria. Vol. 47, No. 3, agosto-noviembre, 2026



288

Pérez et al.

structure with improved layer arrangement and a more stable
equilibrium in the position of carbon atoms.

3.4 Scanning Electron Microscopy (SEM)
The SEM micrographs of the nitric acid-activated

carbons obtained from sugarcane bagasse, peach kernels, and
coconut shells are shown in Figure 8.

Fig. 8. Scanning Electron Microscopy (SEM) micrographs of the
synthesized activated carbons: CAs/CC (coconut), CAs/SD (peach kernel),
and CAs/BAz (sugarcane bagasse).

The carbons exhibited particles with sizes ranging from
1 to 10 pum, presenting highly heterogeneous morphologies.
In some cases, sharp edges and generally smooth surfaces
were observed, together with the presence of significant
cracks and openings that influence the total surface area of
the material.

CAs/CC (coconut-derived carbon) showed irregular

particles with sharp edges and a highly irregular surface.
However, a considerable number of dispersed particles were
observed on its surface, suggesting a high specific surface
area. In the case of the activated carbon CAs/SD (peach
kernel-derived carbon), sharp edges and an amorphous
surface were also observed, together with a significant
number of cracks and openings in its morphology. The SEM
micrographs of the activated carbon CAs/BAz (sugarcane
bagasse-derived carbon) revealed particles of variable size
with porous structure and amorphous morphology, exhibiting
sharp edges and generally smooth surfaces.

Overall, the carbons obtained from coconut shells
presented fewer surface irregularities compared to those
derived from peach Kkernels and sugarcane bagasse.
Nevertheless, it can be concluded that the carbonaceous
adsorbents were synthesized under optimal conditions
(Primera et al., 2011).

3.5 Methane (CH4) Adsorption Test
3.5.1 Instrumental Response (Gas Chromatography)

A Hewlett-Packard gas chromatograph (HP 6890 Plus,
GC System series) equipped with a thermal conductivity
detector (TCD) was used for the adsorption tests. The
response factor of the thermal conductivity detector was
calculated using nitrogen as the carrier gas at a flow rate of
30 mL min,

3.5.2 Pretreatment

Approximately 200 mg of non-activated carbons
(CBAz, CSD, and CCC) and activated carbons (CAs/BAz,
CAs/SD, and CAs/CC) were placed inside a U-shaped
stainless-steel reactor. The solid pretreatment was carried out
by flowing approximately 30 mL min*? of nitrogen gas
through the reactor while heating from room temperature to
120 °C, where the samples were maintained for 90 minutes.

3.5.3 Calibration (Gas Chromatography)

The optimization of the adsorption test conditions was
achieved by calibrating parameters such as adsorbent mass,
hydrocarbon flow rate, temperature range, and space
velocity. The optimal conditions for studying methane
adsorption on activated carbons are presented in Table 4.

Table 4. Experimental conditions for CG analyses.

Parameter Value
Total flow rate (mL min) ~30
Temperature range (°C) 40-60
Activated carbon mass (mg) >30
Space velocity range x10° (mL g* h'Y)  120-240
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3.5.4 System Conditions for Adsorption

After completion of the pretreatment of the
carbonaceous materials, approximately 103 mL min? of a
CHa4/N2 gas mixture (3/100) was passed through the reactor
according to the gas under study. The adsorbent (ACs) was
subjected to a temperature ramp from room temperature to
the adsorption temperatures of 40 and 60 °C, where it
remained for approximately 100 minutes. The adsorption
scheme is shown in Figure 9.

. Pre-treatment .

o
%)
(=}
o

100 min

Temperature (°C)

=23
=3
o

Adsorption 60° 3 \ i :
N

Adsorption 40° !

40|

10 100 130 " s 230 240
time (min)

Fig. 9. Schematic representation of methane (CH,) adsorption on non-
activated carbons (CBAz, CSD, and CCC) and activated carbons
(CAs/BAz, CAs/SD, and CAs/CC).

3.5.5 Adsorption Test Results

Figure 10 shows the methane (CH.) adsorption cycle for
the prepared solids, including non-activated carbons (CBAz,
CSD, and CCC) and nitric acid-activated carbons (CAs/BAz,
CAs/SD, and CAs/CC), within a temperature range between
40 and 60 °C. A linear methane behavior (conductimetric
response measured by gas chromatography) was observed
before passing through the reactor, particularly at times
below 25 minutes.

Once the hydrocarbon entered the reactor containing the
carbonaceous adsorbent sample, it was observed that the
amount of methane adsorbed on the activated carbons
increased compared to the non-activated carbons at both
adsorption temperatures, 40 and 60 °C. After saturation of
the adsorbent (the carbons), the initial methane concentration
conditions were recovered. This increase in the adsorption
capacity of the activated carbons (CAs/BAz, CAs/SD, and
CAs/CC) compared to the non-activated carbons (CBAZ,
CSD, and CCC) may be attributed to the smaller mesopore
size and lower crosslinking height of the polyaromatic
molecules that constitute the carbon structure. These
characteristics favor the activation process with the mineral
acid, producing activated carbons with high porosity
(intermediate pores) and elevated micropore volume.

These novel and interesting properties provide the
activated carbons with a high adsorption capacity (Martinez
et al., 2013). Furthermore, the adsorption capacity of the
activated carbons increases due to surface modification,
which introduces chemical species that alter the surface
acidity, making it more reactive toward hydrocarbon
molecules such as methane.

1400 - Adsorption of CH, on (non activated) carbons at 40/60°C

1200

1000

800 +
—@— CBAz (60°C)
—&— CSD (60°C)
—m— CCC (60°C)
—&— CBAz (40°C)
—a— CSD (40°C)
—5- CCC (40°C)
T 1

600
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1400 - Adsorption of CH, on (activated) carbons at 40/60°C
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Fig. 10. Methane adsorption on non-activated carbons (CBAz, CSD, and
CCC) and activated carbons (CAs/BAz, CAs/SD, and CAs/CC) at 40 and
60 °C.

The nonpolar nature of most carbon materials and the
forces involved in the different adsorption processes
preferentially promote the retention of nonpolar high-
molecular-weight molecules (long-chain hydrocarbons,
phenols, dyes, among others). In contrast, substances such as
CHs4, CO2, Ha, Nz, O and even water are not readily
adsorbed by carbon at room temperature. This behavior
explains the experimental results obtained, where the highest
methane adsorption values were observed at 60 °C, ranging
from 33.5 to 60.3 % for the activated carbons (ACs),
compared to the same solids tested at 40 °C, whose
adsorption percentages ranged from 6.42 to 12.06 %,
generally below 10.0 % (see Figure 11 and Table 5).
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Table 5. Percentage methane adsorption data for non-activated carbons

(CBAz, CSD, and CCC) and activated carbons (CAs/BAz, CAs/SD, and 100 [ Methane Adsorption (%) S
CAs/CC) at 40 and 60 °C. - BT2=60°
Adsorbent ~ Time  Methane  Adsorption % 80 BT1=40°C
(min)  Area (a.u.) (%) é% 603
60 °C g &0 508
CAs/BAz 30.3 409 60.32 %
CAs/SD 30.4 487 50.79 § 40
CAs/CC 30.4 735 33.47 e
CBAz 30.4 998 8.50 g 121 83
CSD 30.2 940 6.81 < 0 m m /—\_|
ccc 303 1010 7.16 CAs/BAz CAS/SD CAs/CC  CBAz csD
40 °C Carbons (Activated /non activated)
CAs/BAz 30.4 1177 12.06 Fig. 11. Percentage methane adsorption on non-activated carbons (CBAZ,
CAs/SD 30.4 1126 8.27 CSD, and CCC) and activated carbons (CAs/BAz, CAs/SD, and CAs/CC)
CAs/CC 304 1052 6.42 at40 and 60 °C.
CBAz 30.4 1090 341
CSD 30.4 1210 2.78 0010 Methane Adsorption Capacity
ccc 30.3 1175 3.04 g i T2=60°C
2 oo mT1= 40°C
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Figure 12 presents the methane (CH.) adsorption ﬁ
capacities of the different activated carbons (CAs/BAz, 50’0%
CAs/SD, and CAs/CC) and non-activated carbons (CBAz T oo
CSD, and CCC) at 40 and 60 °C. In all cases, the interaction E '
or adsorption force between methane (adsorbate) and the £ oo
carbon surface (adsorbent) is weak and mainly governed by o H 063 081 0.7 071
Van der Waals interactions, favoring physisorption. = 000 e
Therefore, high energies are not required for hydrocarbon CAs/BAz  CAs/SD  CAs/CC  CBAz sD cce
adsorption onto the adsorbent surface (Droguett, 1983). Carbons (Activated/non activated)

Fig. 12. Methane adsorption capacity of non-activated carbons (CBAz,
CSD, and CCC) and activated carbons (CAs/BAz, CAs/SD, and
CAs/CC) at 40 and 60 °C.

Table 6. Methane adsorption capacity data for non-activated carbons (CBAz, CSD, and CCC) and activated carbons (CAs/BAz,
CAs/SD, and CAs/CC) at 40 and 60 °C.

Adsorbent ppm (CHs4) mg (CHs4) Adsorption Capacity Adsorption  Capacity

adsorbed adsorbed (mg g* adsorbent) (mg g* adsorbent)

60 °C

CAs/BAz 9339.13 1.187 5.934 29.668
CAs/SD 7867.79 1.001 4.999 24.994
CAs/CC 5188.40 0.659 3.296 16.482
CBAz 1316.46 0.167 0.836 4.182
CSD 1053.13 0.134 0.669 3.346
CccC 1115.12 0.142 0.708 3.542
40 °C

CAs/BAz 1874.02 0.238 1.191 5.953
CAs/SD 1285.48 0.163 0.817 4.084
CAs/CC 991.22 0.126 0.630 3.149
CBAz 526.58 0.067 0.335 1.673
CsD 433.66 0.055 0.276 1.378
CCC 464.63 0.059 0.295 1.476

g (adsorbent) = 200 mg / 1000 mg; initial CH4 mass = 1.968 mg

The activated carbon obtained from sugarcane bagasse, %), showed an adsorption capacity of approximately 1.187
CAs/BAz, tested at 60 °C (which exhibited the highest ~mg of CH4 per 1.968 mg of methane injected into the total
percentage adsorption among all synthesized carbons, 60.32 103 mL gas flow circulating through the system (Table 6).
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This result indicates that the adsorption capacity of the
activated carbon CAs/BAz was 5.934 mg of methane per 200
mg of initial adsorbent, corresponding to approximately
29.67 mg of methane per gram of activated carbon. A good
adsorbent should exhibit an adsorption capacity between 1.5
and 20 % of its own mass, which corresponds to
approximately 15-200 mg of methane adsorbed per gram of
activated carbon (Hanzawa et al., 2002). The adsorption
capacities of the remaining adsorbents are presented in Table
6.

4 Conclusions

The infrared spectroscopy analyses performed on the
carbons before and after activation with HNO3 revealed the
presence of functional groups characteristic of carbonaceous
materials, as well as nitrate groups that remained in the
samples even after washing the carbonized products with
deionized water.

The X-ray diffraction analyses exhibited broad
diffraction peaks, indicating that the synthesized carbons
possess an amorphous structure with nanometric crystalline
domains (= 100 nm). In addition, a predominant hexagonal
graphitic carbon-type phase (space group: P63mc) was
identified using the PDF2-2004 ICDD database (card 00-
002-0456) and through comparison with previously
published scientific studies.

The SEM micrographs provided evidence of the
morphology of the synthesized carbons. The particles
obtained from coconut shells exhibited smaller particle sizes
compared to those derived from sugarcane bagasse and peach
kernels. The presence of cracks and openings in the carbon
structures facilitates the penetration of gaseous molecules
into the adsorbent interior, which may play a fundamental
role in methane adsorption processes.

Methane adsorption tests, evaluated by gas
chromatography, demonstrated that the HNOs-activated
carbons exhibited significantly higher methane adsorption
capacities compared to the non-activated carbons,
particularly at higher temperatures between 40 and 60 °C.
After saturation of the carbon adsorbents, the initial
adsorbate concentration was recovered.

Temperature had a significant influence on the
adsorption process. At 60 °C, the activated carbons exhibited
the highest methane adsorption capacities, with adsorption
percentages ranging from 6.8 % to 60.32 %, compared to the
same activated carbons tested at 40 °C, where adsorption
values ranged from 2.8 % to 12.06 %.

The activated carbon obtained from sugarcane bagasse
(CAs/BAZ), evaluated at 60 °C, exhibited the highest
methane adsorption percentage among all synthesized
carbons, with approximately 1.187 mg of CH, adsorbed per
1.968 mg of methane injected into the 103 mL total gas flow
circulating through the system.

The adsorption capacity of the activated carbon
CAs/BAz was determined to be 5.934 mg of methane per 200
mg of initial adsorbent, corresponding to approximately
29.67 mg of methane per gram of activated carbon. A suitable
adsorbent should exhibit an adsorption capacity between 1.5
and 20 % of its own mass, corresponding to approximately
15-200 mg of methane adsorbed per gram of activated
carbon.
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