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Abstract

Background: Adsorption is a process in which some of the components in the fluid phase, are selectively
transferred to the surface of the porous solid particles in the filled bed, which is called the adsorbent. The
aim of this study was to examine the adsorption effectiveness of CO, by activated carbon functionalized
with methyl diethanolamine (MDEA), as well as the effects of adsorption temperature, the total pressure of
adsorption, and mass of adsorbent.

Methods: Activated carbon was first produced using the desired biomasses and suitable activated carbon
was chosen. The activated carbon was then functionalized with MDEA amination method. The crystal
structure of adsorbents was studied using X-ray diffraction (XRD) methods. In addition, the porosity,
specific surface area and structure of prepared activated carbon were measured using BET techniques.
Finally, the morphology and strength of the functional groups were measured using Field emission scanning
electron microscopy (FESEM) and Fourier-transform infrared spectroscopy (FTIR) analyses.

Results: The findings of the FESEM and BET analyses for functionalized activated carbon revealed that the
specific surface area of the adsorbent increased throughout the chemical and physical modification process,
resulting in a BET amount of 725/84 m*/g. The results showed that the selectivity of the functionalized
activated carbon is greater than that of the non-functionalized adsorbent.

Conclusion: The adsorption capacity of functionalized activated carbon was 3.98 mmol CO, g sorbent,
compared to 2.587 mmol CO, g sorbent in the non-functionalized carbon, indicating a 35% improvement
in the efficiency of the functionalized sample. According to the findings of the desorption experiments,
functionalized carbon shows a 25% decrease in CO, adsorption efficiency after 20 desorption steps.
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Introduction there are two ways to collect CO, from the gas stream:
Carbon dioxide (CO,) from fossil fuels has the greatest » Method 1: Separation of CO, from the gas stream
impact on greenhouse gas emissions and global warming before combustion.

(1). Iran emits about 500 million tons of CO, per year, and + Method 2: Separation of CO, from the gas stream

is ranked ninth in the world (2). The use of CO, capture after combustion.

and storage methods for this purpose consists of three
steps: Separation of CO, with acceptable purity (around
90%), compaction, transfer of dense CO, to underground
reservoirs, and finally, storage of dense CO, underground
reservoirs. Because the first stage accounts for 70%-90% of
operational expenses, the CO, separation stage focuses on
most research (3,4). According to the American Physical
Society (APS), CO, costs $600 per ton on a large scale;
therefore, a high-efficiency and cost-effective process is
critical to capture carbon dioxide from flue gas (5).
Depending on the type of feed from which CO, is released,

Easier separation of CO,/H, from CO,/N, is one of
the advantages of the first method and disadvantages of
the second method (6). CO, capture technologies can be
categorized into three groups: Precombustion CO, capture,
post-combustion CO, capture, and oxy-fuel combustion
(7). Carbon materials such as activated carbon, molecular
carbon particles, carbon nanotubes and graphene are
the most important physical adsorbents (8). Carbon
nanotubes are used in most aqueous solvents according
to their physical, chemical, and electrical properties (9).
The structural properties of carbon can be modified by
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activation (10). The carbonization temperature will vary
depending on the type of raw material, but is usually
between 400-500°C (11). Inexpensive carbon sources are
readily available and can reduce the cost of preparation on
an industrial production scale (12). Carbon is physically
activated by water vapor and chemically activated
by phosphoric acid (13). Improving soil quality (14),
eliminating emerging contaminants in soil and water
(15), and reducing greenhouse gas emissions and energy
production are among different applications of carbon
(16). The adsorption properties of activated carbon vary
according to the type of raw materials and production
conditions (17,18).

Pertiwiningrum et al studied the application of
activated carbon derived from biogas sludge and the
optimal conditions for biogas treatment. Biochar-based
biogas sludge was tested in five treatments, the absorbent
columns contained 100% zeolite, 50% zeolite and biochar,
25% zeolite, and 75% biochar, and finally, 100% biochar.
They found that all five treatments decreased CO,
(impurity gas in biogas) and 100% of the volume biochar
treatment had the highest efficiency in reducing CO, (4).

In a research, the simulation of carbon dioxide (CO,)-
methane (CH,), gas adsorption, and the selectivity on
zeolite 4A using Aspen Adsorption were investigated.
In the binary system, some effective factors such as
temperature, pressure, and different combinations of
CO, were tested. The results showed that the maximum
efficiency for adsorption of CO, and CH, are obtained at
273°K and 10 bar in the Langmuir isotherm model with
5.86 and 2.88 mmol/g, respectively (19, 20).

Carbon molecular sieves and zeolite 5A performance in
a 4-bed vacuum pressure process with swing adsorption
was compared. The separation of CO, from a CH,/CO,
mixture gas, such as coal bed methane or landfill gas was
the goal of this process. The findings indicated that under
low-pressure conditions and vacuum pressure of 1000
Pa, zeolite 5A is more efficient and powerful than carbon
molecular sieve (21).

A study was conducted on the metallized biochar
development as a low-cost bio-sorbent to obtain high
adsorption capacity for eliminating low-temperature
CO,. For making biochar from rambutan peel (RP)
at various temperatures, single-step pyrolysis process
was done. The biochar product placed under wet
impregnation conditions with several magnesium salts,
which subsequently, underwent heat-treated with N.. The
efficiency of CO, capture was improved by impregnating
magnesium into the biochar structure, and the magnesium
nitrate, magnesium sulphate, magnesium chloride, and
magnesium acetate were effective, respectively. The
results showed that CO, absorption capacity of metallized
biochar (76.80 mg g') was higher than pristine biochar
(68.74 mg g™') (22).

Esfandian and Garshasbi reported Kaolin, Bentonite,
and Feldspar as low-cost sources of Si and Al to synthesize

the molecular sieve 13X. The adsorption capacities
(pressure >20 bar) of 13X (kaolin), 13X (bentonite),
and 13X (feldspar) were 3.6, 2.4, and 1.95 mmol/g,
respectively. The adsorption data were fitted to some
isotherms including Langmuir, Freundlich, Sips, BET,
and Toth. It was found that the Sips model showed better
fitting in comparison to other models (23).

Ghalandari et al investigated two types of activated
carbon adsorbents and the equilibrium adsorption
isotherms of N, CH,, and CO,. The findings showed
that the Sips isotherm model is an appropriate model for
forecasting the behavior of gas adsorption (24).

Carbon dioxide separation is now carried out on an
industrial scale using the adsorption technique and
amine solutions. The drawbacks of this technique include
severe equipment corrosion, energy-consuming amine
solution recovery, and environmental contamination
during solvent recovery. The adsorption technique offers
an alternative to conventional separation procedures on
a smaller scale due to its low energy consumption. The
selection of a suitable adsorbent may play a major role in
reducing the cost of CO, separation and storage (25).

In this study, the absorption performance of activated
carbon functionalized by methyl diethanolamine (MDEA)
for post-combustion CO, capture was examined as an
inexpensive approach for flue gas separation. Activated
carbons show an excellent performance in CO, capture
due to its beneficial characteristics, such as a high activity
level and high chemical active sites. To the best of our
knowledge, this is the first study that used activated
carbon to absorb CO, pollutants. It is worth noting that
flue gas in the form of standard reference capsules was
used.

Materials and Methods

Preparation of activated charcoal

In this study, hard walnut shell and pistachio shell were
used to prepare activated carbon.

Preparation method

The selection of biomass and its processing as a raw
material is the first stage in the pyrolysis process and
carbon preparation. The cellulose and lignin contents of
the biomass, the moisture content, and the size of pieces
(fragments) are the most significant parameters that
influence the preparation and performance of carbon.
Before processing raw material, it is desirable to remove
impurities such as dirt, gravel, and other wastes. In this
study, hard walnut shell and rice hulls were used to
prepare activated carbon.

Carbon preparation by neutral gas

In this technique, vapors of volatile material are not
directly linked to the furnace outlet and instead enter the
electric furnace area. The furnace area is connected to
neutral gas, which sends the vapors to the furnace outlet.
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The essential feature of this technology is that holes are
punched in the pyrolysis reactor wall to enable volatile
vapors from within the reactor to escape. The reactor cap
may be adjusted or removed entirely to transport vapors
from the reactor to the furnace area, depending on the
kind of vessel and the weight of the raw material sample.
Vapors may escape from the gap between the reactor’s
door and vessel if the reactor door diameter is greater
than the reactor vessel diameter.

Preparation of materials and equipment

According to scientific papers and past research, as
well as preliminary estimates, the necessary chemicals
were prepared without contaminants in the appropriate
amounts from renowned brands such as Sigma-Aldrich
and Merck. An electrochemical sensor and an infrared
bench were used to measure the quantity of CO, in gas
meters. In addition, X-ray diffraction (XRD), Field
emission scanning electron microscopy (FESEM) , BET,
and Fourier-transform infrared spectroscopy (FTIR) were
used to examine the morphology and crystal structure of
the prepared adsorbents.

Inorder to synthesize activated carbon, hard walnut shell
and pistachio shell were prepared in an appropriate volume
and according to standard laboratory methods, drying and
preparation of activated carbon with appropriate porosity
were done. After synthesis, carbon was modified to get the
required characteristics. Functionalization is a chemical
procedure that involves adding functional groups to the
carbon in order to improve the interaction between the
matrix and the amplifier. Carbon can absorb a wide range
of organic and inorganic chemicals due to this process.
Functionalization may be accomplished in a variety of
ways, including oxidation, fluoridation, esterification,
plasma, and amination. In this study, functionalization
was performed using an ultrasonic device at a temperature
of 30°C for 8 hours of exposure to activated carbon with
the amine group.

The impact of factors such as adsorption temperature,
the total pressure of adsorption and mass of adsorbent on
thermodynamic parameters, equilibrium isotherms, and
adsorption process kinetics was investigated.

The recovery and reusability tests of the adsorbents
were also performed. Based on the specified parameters
and tests conducted, as well as the results of the
completed analyses, the findings were then evaluated and
summarized in order to obtain realistic outcomes. It is
worth noting that independent variables were pressure,
adsorbent dosage, and gas temperature. Moreover,
dependent variables were gas adsorption capacity and
its residue. According to the dimensions of the electric
mutffle furnace, a sample weight of a maximum of 100 g of
dried raw material based on the required contents in each
pyrolysis reactor is adequate.

A certain volume of adsorbent substrate was subjected

to the specified concentration of CO, gas, and then, its
concentration was read directly before entering the
substrate and after leaving the substrate. Afterwards,
variable adsorption parameters such as temperature,
pressure, and mass of adsorbent in different states
were measured. Before starting the study, preliminary
operation tests including calibration of all devices
including pressure gauge, flowmeter, air compressor
performance test, hydrotest of equipment and fittings,
charging of the adsorbent bed from the desired carbon,
checking gas reference capsules, air compressor test and
pressure adjustment and gas analyzers test. At first, air
passed through the system for a relatively long time until
the temperature and humidity on both sides of the test
column reached equilibrium.

The crystal structure of the prepared adsorbents was
studied using XRD methods, while specific area and
porosity were measured using BET. The morphology of
the constructed adsorbents and the strength of functional
groups were determined using FESEM and FTIR analyses,
respectively. Then, the effectiveness of the prepared
adsorbents for CO, capture was assessed by establishing
test conditions and conducting the test. Schematic diagram
of surface adsorption system is presented in Figure 1.

Results

BET results

Two samples of carbon made from hard shells of walnuts
and pistachio shell were transported to the laboratory to
determine the sample that had the best particle surface area
for the adsorption process in the BET test. Finally, sample
B was chosen as the final carbon, which comprised hard
shells of walnuts with a BET of 725.84 m?/g. The amination
process was then performed on the carbon with a 20%
MDEA solution, a tertiary amine with a high capacity for
gas absorption. A BET test was conducted on the animated
carbon to evaluate changes in cavity volume, the findings
of which are reported in the tables. The BET test findings
for carbons are presented in Table 1.

The BET of carbon (hard shells of walnuts)

The N, gas adsorption isotherm spectrum of the
walnut carbon sample is aligned with type I six [IUPAC
(International Union of Pure and Applied Chemistry)
curves and has a specific pore area of 719.77 m*/g, which
is greater than the other two carbons. The desorption and
hysteresis curves are aligned with type H, IUPAC curves.
The cavities seem to be thin, layered, and saucer-shaped.
The cavity is linked from the exterior side. The cavities
frequency with a radius of 1° and in micro size may be
calculated using the BJH curve and the value of r | =1.21
mm. According to the TPLOT curve, the micro surface is
computed as follows:

amicro=a, —a, (D
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Figure 1. Schematic diagram of surface adsorption system.

Table 1. Results of the specific surface area of cavities in four carbon samples

NO. Parameter Sample A Sample B Sample C
1 Volume (cm?®g) 0.1243 0.4498 0.2399
2 Diameter (mm) 2.4145 2.4986 1.8999
3 BET (m?/g) 185.22 719.77 503.43

Sample A: Pistachio shell, Sample B: Hard shells of walnuts, Sample C:
Hard shells of walnuts functionalized by MDEA.

amicro=758.65-24.752="733.897m* / g (2)

Adsorption isotherm spectrum of the walnut carbon
N, gas adsorption isotherm, desorption and hysteresis
curves, BJH diagram to investigate the radius of frequency
of cavities and micro surface in the TPLOT curve are
presented in Figure 2.

The BET of animated walnut carbon

The N, gas adsorption isotherm spectrum of the animated
walnut carbon sample is aligned with type [ IUPAC curves
and has a specific pore area of 503.43 m?/g. Adsorption
isotherm spectrum of the animated walnut carbon, N, gas
adsorption isotherm, desorption and hysteresis curves,
BJH diagram to investigate the radius of frequency
of cavities and micro surface in the TPLOT curve are
presented in Figure 3.

The desorption and hysteresis curves are aligned with
type H4 IUPAC curves. The cavities seem to be thin,
layered, and saucer-shaped. The cavity is linked from the
exterior side. The cavities frequency with a radius of 1°
and in micro size may be calculated using the BJH curve
and the value of r | = 1.21 mm. The micro surface is

ak
computed as follows when looking at the TPLOT curve:

amicro=a, —a, (3)

amicro=539.97-3.96=536.01m>/ g (4)

Based on the IUPAC classification, pore measurements
in terms of diameter are divided into three categories,

macropores with a diameter higher than 50 nm, mesopores
with a diameter between 2 to 50 nm, and micropores with
a diameter lower than 2 nm (26).

Micropores with a diameter lower than 1 nm will play
an important role in the adsorption of CO, with activated
carbon (27). According to previous studies in the pressure
range of 1 bar, the size of the adsorbent pores with a
diameter lower than 0.8 nm has shown better performance
in adsorption (28). The size of the micropores (R2 Y
0.9032, n % 32, Figure 1b) has a greater effect on the
carbon dioxide uptake than the BET surface areas (R2 %
0.6475, n % 16, Figure 1a). Therefore, the type of biochar
pores is an important factor in CO, uptake (29).

FESEM of functionalized carbon and non-functionalized
carbon

The surface morphology of non-aminated carbon and
aminated carbon is shown in Figure 4. Comparison of
curves (a) and (b) with curves (c) and (d) showed that
carbon was functionalized with an amine group. In
addition, the surfaces of curves (c) and (d) get rougher
during the functionalization. Furthermore, a series of
cavities are created on the carbon plates, which are then
opened, increasing the adsorption capacity.

Adsorption results
The test equipment of aminated carbon comprises a
horizontally simulated chimney column. The device was
equipped with suitable sampling regions for monitoring
the speed, pressure, temperature, and concentration of
the input and output gas to the adsorbent. In addition,
the concentration of CO, gas was supplied by calibration-
certified reference capsules and placed in the flow path.
Afterthe calibration procedure, instruments were placed in
the appropriate places to monitor the speed, temperature,
humidity, and concentration of gas metering.

A specificvolume of the adsorbent substrate was exposed
to a specific concentration of CO, and the concentration
of gas was measured both before and after entering the
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Figure 2. (a) Adsorption isotherm spectrum of the walnut carbon N, gas adsorption isotherm, (b) Desorption and hysteresis curves, (c) BJH diagram to
investigate the radius of frequency of cavities, (d) Micro surface in the TPLOT curve.

bed. The absorption parameters, such as temperature,
pressure, and adsorbent volume, were investigated in
various states. Before the study, all equipment including
the flowmeter, pressure gauge, charging of the adsorbent
bed from the selected carbon, air compressor performance
test, hydro test of equipment and fittings, air compressor
test, pressure control, and gas analyzers was calibrated.
Air is circulated through the system for a lengthy period
at first until the humidity and temperature on both sides
of the experiment column achieve equilibrium.

It is important to ensure that the test system does not
leak during this procedure. Ceramic wool was used to
guarantee that no leaks occurred in the equipment’s
fitted components. Following the above-mentioned
procedures, the concentration of CO, before entering
the system and after exiting the adsorbent was measured
at regular intervals (every 60 seconds) and all variable
parameters were evaluated, and corresponding isotherms
were produced. After 20 stages of adsorption and
desorption, the optimum conditions for adsorbent
efficiency were established, and the adsorbent efficiency
was ultimately assessed. The adsorption and desorption
paths were investigated at a temperature of 120°C and a
vacuum pressure of 0.02 bar. The separation of CO, from

the surface of the prepared adsorbent in the desorption
stage was anticipated to be more challenging due to the
hysteresis ring and the absorption enthalpy of CO, from
the carbon surface. Also, it was anticipated that a bigger
desorption ring would be produced. The vacuum pump
was switched on after the adsorption by applying a vacuum
of 0.02 bar at a temperature of 120°C for 1 hour every
10 minutes. The adsorbent was put in the gas flow path
after the desorption process to examine the adsorption
effectiveness. It is worth noting that the intake flow should
be regulated so that the gas leaves the adsorbent surface
in less than 0.2 seconds. Mass of adsorbent, temperature,
pressure, initial concentration of CO,, concentration
of CO2 after adsorbent, and concentration of CO, after
functionalized adsorbent (ppm) are presented in Tables 2
and 3. The results of adsorption of functionalized carbon
and non-functionalized carbon as well as the results of
desorption of adsorbent are shown in Tables 4 and 5.

At a temperature of 30°C and a pressure of 1 bar, the
optimum adsorbent conditions were 40 cm in length and
5 cm in height. The adsorption effectiveness diminishes
as the temperature rises. Adsorption is enhanced by
increasing the length of the adsorbent and the pressure.
It should be mentioned that the adsorbent arrangement

Environmental Health Engineering and Management Journal 2022, 9(3), 261-270
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Figure 3. (a) Adsorption isotherm spectrum of the animated walnut carbon. N, gas adsorption isotherm, (b) Desorption and hysteresis curves, (¢) BJH
diagram to investigate the radius of frequency of cavities, (d) Micro surface in the TPLOT curve.
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Figure 4. Surface morphology of the non-aminated carbon and the aminated carbon: (a) Non-functionalized carbon adsorbent at 500 nm magnification,
(b) Non-functionalized carbon adsorbent at 100 nm magnification, (c) Functionalized carbon adsorbent at 500 nm magnification, (d) Functionalized carbon
adsorbent at 100 nm magnification.
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Table 2. Test results (temperature is a variable parameter)

No. Mass of adsorbent (g) Temperature (°C) Pressure (bar)

Initial concentration of CO, (ppm)

Concentration of CO, after adsorbent (ppm)

1 100 30 0.2
2 100 50 0.2
3 100 90 0.2

10000 1706
10000 1912
10000 3655

Table 3. Test results (pressure is a variable parameter)

No. Mass of adsorbent (g) Temperature (°C) Pressure (bar)

Initial concentration of Concentration of CO, after functionalized

CO, (ppm) adsorbent (ppm)
1 100 30 0.2 100000 1722
2 100 30 0.7 10000 1349
3 100 30 1 10000 1167

Table 4. Results of adsorption of functionalized carbon and non-functionalized carbon

Initial concentration of CO.

No. Mass of adsorbent (g) Temperature (°C) Pressure (bar)

h Concentration of CO, after non-

(ppm) functionalized Adsorbent (ppm)

1 100 30 1 10000 1167

No. Mass of adsorbent(g) Temperature (°C) Pressure (bar) Initial concentration of CO, Concentration of CO, after functionalized
(ppm) adsorbent (ppm)

2 100 30 1 10000 976

Table 5. Results of desorption of adsorbent

Concentration Concentration Concentration

Initial Concentration of CO, after 6 of CO, after 10 of CO, after 20
Mass of Temperature Pressure . 2 2, 28
No. Adsorbent (g) c) (bar) concentration of of CO, after desorption steps desorption steps desorption steps
CO, (ppm) adsorbent (ppm)  after adsorbent after adsorbent after adsorbent
(ppm) (ppm) (ppm)
1 100 30 1 10000 976 1000 1056 1222

along with the transmission flow path was shown to
improve adsorption efficiency in different tests. During
several tests, the most appropriate adsorption efficiency
was found to be 8 to 1 of the length to diameter ratio of the
flow path, which is equal to 100 g of adsorbent.

According to the findings of desorption experiments,
functionalized carbon shows a 25% decrease in CO,
adsorption efficiency after 20 desorption steps. In the
present study, Freundlich and Langmuir isotherms were
used to determine the general adsorption capacity of CO,
by aminated and non-functionalized carbon adsorbents.
The models were also examined by the adjusted R
According to the findings, the Freundlich isotherm is
more suitable for the adsorption of CO, for both non-
functionalized and functionalized adsorbents because the
R? value is more acceptable, which shows how accurate
the fit is. The fit of the Langmuir isotherm, on the other
hand, is also satisfactory. Langmuir and Freundlich
isotherms of CO, adsorption with non-functionalized and
functionalized adsorbent are shown in Figures 5 and 6,
respectively.

The results of comparison of two isotherms of
Freundlich and Langmuir in the adsorption of CO, from
the gaseous medium with aminated and non-aminated

adsorbents are presented in Table 6.

Discussion

In the present study, the feasibility investigation of
periodic adsorption for CO, capture from flue gas with
functionalized carbon with Methyldiethanolamine
prepared from hard shells of walnuts and pistachio
shell was examined due to the increasing importance
of reducing CO, emissions into the environment. For
the first time, carbon was made from two different
biomasses, and the best carbon was chosen. Then, water
vapor and phosphoric acid were used to activate carbon
physically and chemically. In the adsorption process,
functionalization of carbon with Methyldiethanolelamine
was performed. Finally, the temperature, pressure, and
mass of the adsorbent were studied.

During the chemical and physical modification process,
new cavities were created in the modified adsorbent
structure, and the specific adsorbent surface increased,
according to the findings of FESEM and BET analyses for
the chosen carbon. The activated carbon sample showed
a BET of 719.77 m?/g, which has significant benefits in
terms of specific adsorbent surface and pore size.

Experiments were carried out in order to examine
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Figure 6. CO, adsorption isotherms with functionalized adsorbent: a) Langmuir, b) Freundlich.
Table 6. Results of CO, isotherms with aminated and non-aminated adsorbents
Freundlich isotherm Langmuir isotherm
Adsorbent
Regression R? Regression R?
CO, capture with non-functionalized adsorbent 4.2713In(x) - 1.9403 0.9892 0.0058In(x) + 1.1235 0.9485
CO, capture with functionalized adsorbent 4.2862In(x) - 1.9277 0.989 0.0016In(x) + 1.1033 0.9899

and assess the chemical structure of carbon in terms of
the creation and development of pores as a function of
activation temperature. These experiments demonstrate
the chemical changes produced by the activation process
with phosphoric acid. First, at temperature of 50°C, the
structure of lignin undergoes substantial modifications.
At 100°C, a substantial percentage of the cellulose reacts,
forming esters and setens.

Phosphate esters are produced at temperatures of about
150°C. The effectiveness of activated carbon is increased
by cyclic processes that start at 150°C. Low-temperature
phenomena occur sooner and are linked to developing
expansion pores that begin at about 250°C and reach the
maximum temperature between 350°C and 450°C.

The pores volume is linked to the density of the cyclic

processes up to 450°C, but beyond this temperature,
there is a dimensional reduction and, eventually, a
decrease in the number of pores. According to the
findings of equilibrium adsorption efficiency, the
functionalized adsorbent selectivity is greater than that
of the non-functionalized adsorbent. This is attributed
to the basic property, surface interaction with CO,, and
increased surface polarization. The adsorption capacity
of functionalized activated carbon was 3.98 mmol CO,
g sorbent, compared to 2.587 mmol CO, g" sorbent
in the non-functionalized carbon, indicating a 35%
improvement in the functionalized sample’s efficiency.
Adsorption capacity of various biochars with prepared
carbons from hard shells of walnuts and hard shells of
pistachio are compared in Table 7 (30).
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Table 7. Comparison of adsorption capacity of various biochars with prepared
carbons from hard shells of walnuts and hard shells of pistachio (7,30)

Type of Biochar The Adsorption Capacity for CO,

Capture (mmol/g)

Roasted peanut shell waste 3.8

Peanut shell 21

Perilla leaves 2.312
Japanese oak 0.379
Korean oak 0.597
Soy residue 0.707
Hard shells of walnuts 3.98

In a study by Chatterjee et al, an ultrasonic activated
biochar adsorbent with a pine wood source, functionalized
with the amine group (tetracthylene pentaamine), was
used to absorb carbon dioxide. The results showed that
the porosity and permeability of biochar increased and the
absorption of biochar increased more than 9 times more
efficient than the untreated biochar (31).

According to the CO, desorption findings, the
hysteresis ring is created in the desorption of two samples.
Because functional groups are present on the adsorbent
surface, this ring for the modified adsorbent shows a
higher dimension, raising the surface polarity, ultimately,
leading to more significant contact between gases and
the adsorbent surface. The adsorption effectiveness of
functionalized carbon for CO, gas capture dropped by
25% after 20 desorption stages and it was found that
the CO, adsorption capacity of nitrogen-functionalized
sawmill-residue-based biochar decreased by 4-8% after 5
cycles and by 20% after 10 cycles (7).

Conclusion

The results of adsorption investigations for functionalized
carbon were obtained based on the following parameters:
temperatures of 30, 50, and 90°C, adsorbent bed lengths
of 30 and 40 cm, adsorbent bed widths of 5 and 15 cm,
and a pressure range of 0.1-1 bar. The adsorbent bed
with the greatest adsorption effectiveness corresponded
to a temperature of 30°C, a pressure of 1 bar, 40 cm
length, and 5 cm width. The adsorption capacity is
directly proportional to the adsorbent bed length and
pressure, and inversely, proportional to the adsorbent
bed diameter and the temperature. Therefore, as the
adsorbent bed length and pressure rise, the adsorption
effectiveness increases. In addition, as the adsorbent
bed diameter and temperature increase, the adsorption
effectiveness decreases. According to the results, greater
absorption capacity is possible when high pressures and
low temperatures are approached. According to the
activated carbon desorption efficiency in 20 stages, a
decrease of approximately 25% in absorption efficiency,
plentiful supplies of hard shells of walnuts, and the low
cost of carbon preparation, carbon may be used as a high-

performance adsorbent for industrial applications.
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