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� Activated alumina was modified with 30% NaOH and calcined at 500 �C for 4 h (3MAA).
� Physical and chemical characterization of the adsorbents were carried out.
� Carbon dioxide was adsorbed from CO2/N2 mixture in a continuous adsorption system.
� Regeneration of the 3MAA were successfully tested for three cycles.
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Activated alumina was successfully modified with sodium hydroxide (NaOH) and used for capturing of
CO2 in fixed-bed column adsorption system. Calcinations temperature (200–500 �C), time (2–4 h) and
concentration of NaOH (10–40%) suitable for the modification were studied. Surface area and porosity,
morphology/elemental composition, crystal structure and functional groups of the plain activated alu-
mina (PAA) and optimally modified adsorbent with 30% NaOH calcined at 500 �C for 4 h (3MAA) were
characterized using nitrogen adsorption–desorption, scanning electron microscopy/energy dispersive
X-ray, X-ray diffraction and Fourier transform infrared spectroscopy techniques (4000–500 cm�1). The
effect of CO2 % in the feed, adsorption temperature, 3MAA particle sizes, feed flow rate and amount of
3MAA in the column were investigated in the adsorption experiments. Adsorption capacity of 3MAA
and PAA were 51.92 and 19.61 mg/g even with their surface areas of 203 and 207 m2/g, respectively.
The enhanced adsorption on 3MAA was due to its average pore width and total pore volume which were
larger than those of PAA. Physisorption activities that characterized the nature of the 3MAA adsorption,
enhanced easier desorption of CO2 conveniently for three cycles. The results of this study have revealed
that sodium hydroxide modified activated alumina can be applied for CO2 pollution control in the
environment.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction And presently, the world energy source is largely dependent on
There is a necessity for more proactive action in tackling air pol-
lution since it is a more global challenge than other forms which
can be localized. Air occupies the entire universe and has its pollu-
tants along with it. Carbon dioxide (CO2) among other air pollu-
tants is a major culprit to the greenhouse gases that is fueling
global warming. It can be sourced from aerospace industry, hydro-
gen gas production, hydrocarbons purification, treatment of natu-
ral gas and a major source like fossil fuel which accounts for 25
billion tons that is released to the atmosphere annually [1,2].
fossil fuel with cleaner greener renewable alternative energy
sources still in developmental stages [3]. The need to contain CO2

emission aside guiding against the greenhouse effect, is to aid in
accomplishing absolute air and natural gas purification amongst
others.

Measures such as zero CO2 emission technologies, point source
capture and sequestration are attempts made to check CO2 pollu-
tion effect [4]. New plants with zero CO2 emission have also at-
tempted using membrane science, cryogenic distillation, solvent
absorption, fixation using algae and adsorption methods with a
view to salvaging the pollution challenge [4,5]. The high efficiency,
affordable energy and application of less resources using adsorp-
tion for CO2 capture has made the process outstanding from others
[2,6].
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Various adsorbents such as hydrotalcite and inorganic-porous
materials, activated carbons, basic oxide and amine-based have
been employed in catalysis and adsorption of CO2 pollutant from
the environment [7–10]. But some of these adsorbents like the
amine based require high energy and possess degradation threat
through oxidation that results in corrosion [11]. Some commercial
adsorbents have low selectivity and low capability of CO2 adsorp-
tion [3].

In the quest for more efficient and effective CO2 capturing
adsorbents, few studies have been conducted on the use of transi-
tion, activated and modified alumina. But it has been proven that
on the surface of alumina lies chemical and physical active sites
that has affinity for CO2 molecules [6,12,13]. This may be attrib-
uted to alumina amphoteric nature that is the ability to withstand
or dissolve in both acid and base solution [14].

In this work a cost effective, low energy intensity, environmen-
tal friendly and high capacity adsorbent from activated alumina for
CO2 adsorption was developed. The carbon dioxide was adsorbed
from a mixture of CO2/N2 since flue gas emissions are often associ-
ated with considerable amount of nitrogen gas [15]. The percent-
age of sodium hydroxide (NaOH) used for modification,
calcinations temperature and time were studied. The fixed-bed
adsorption experiment involved study of the effect of some process
parameters such as effect of flow rate, bed height and influent CO2

concentration, adsorbent particle size and adsorption temperature
on the breakthrough curves.
2. Materials and methods

2.1. Materials

Activated alumina of 1–2 mm particle sizes was supplied by
OMI (M) Sdn. Bhd., Malaysia. Sodium hydroxide was purchased
from Mercks Chemical company, while purified carbon dioxide
(99.9%) and nitrogen (99.9%) gases were supplied by Wellgas
Sdn. Bhd., all in Malaysia.

2.2. Preparation of CO2 adsorbent

The activated alumina beads were slightly washed with dis-
tilled water and dried in an oven at 110 �C for 6 h. The dried beads
were packaged in air tight container and used as unmodified or
plain activated alumina (PAA) adsorbent.

Ten grams of unmodified activated alumina was treated with
30 mL of different concentration (10–40%) of NaOH and allowed
to dwell for 2 h. The treated unmodified activated alumina beads
according to the percentage of NaOH used were designated as fol-
lows: 1MAA, 2MAA, 3MAA and 4MAA for 10%, 20%, 30% and 40%,
respectively. Afterwards, the NaOH solution was decanted from
the beads and then dried in an oven at 110 �C for 6 h before calci-
nations at various temperatures (200–500 �C) and time (2–4 h)
[16]. Excess sodium on the surface of the adsorbent was evacuated
by washing with distilled water while monitoring the pH after
which it was dried and packaged for further use [17,18].

2.3. Fixed-bed column adsorption

The adsorbent was measured into the adsorption column and
dried by heating to 110 �C under an inert atmosphere and allowed
to dwell for 1 h before cooling to the desired adsorption tempera-
ture. A mixture of high purity nitrogen gases was passed through
an adsorption column of length 42 cm and a diameter of 1.1 cm
in an upward flow. The inflow of each gas from the cylinders were
controlled by a calibrated mass flow controller AALBORG (model
AFC26 NY, USA). The amount of CO2 adsorbed after every 10 s
was determined by an online carbon dioxide analyzer model 906
(Quentek instrument, USA).

The effect of adsorption parameters such as percentage of CO2

in the feed stream, flow rate, adsorption temperature and bed
depth were studied. The percentage of CO2 in the feed stream var-
ied from 12%, 15% and 18%; the influent flow rate of 90, 120 and
150 mL/min; 35(±), 45(±) and 55(±) �C were the temperatures var-
ied for the adsorption process; and the amount of adsorbent (PAA
and MAA) were 2, 4 and 6 g.

The adsorption experimental breakthrough curves were gener-
ated by the Carbon dioxide analyzer and relayed in the desktop
computer attached to it.

2.4. Regeneration of adsorbent

At the end of an adsorption process, the adsorption column with
the adsorbent fixed on it was heated up to 110 �C for 1 h under
nitrogen gas flow to desorb molecules of CO2 adsorbed on the
3MAA surface. The stability of desorption was ascertained by pass-
ing the column exit gas through the CO2 analyzer until the residual
CO2 concentration was steady. The column was purged using a vac-
uum pump for 30 min to remove the trapped gas in the adsorbent.
Then another cycle of CO2 adsorption was carried out and similar
procedure was repeated for three cycles of adsorption–desorption.
During the reusability test, the column conditions such as adsorp-
tion temperature (35 �C), percentage of CO2 (15%) in the feed (85%
balance of N2), total feed flow rate (90 mL/min), amount of adsor-
bent used (4 g) and adsorbent size (1–2 mm) were kept constants.

2.5. Characterization of adsorbents

The PAA and 3MAA surface area and porosity were determined
by Brunauer–Emmett–Teller (BET), morphology and elemental
composition using scanning electron microscopy and Energy-dis-
persive X-ray spectroscopy technique. The crystal structure and
functional groups of the adsorbents were analyzed using X-ray dif-
fraction and Fourier transform infrared spectroscopy techniques,
respectively.

An autosorb Brunauer–Emmett–Teller Micrometric ASAP 2020
operating with the static volumetric technique was used to deter-
mine the surface area and porosity of the adsorbent. Samples were
degassed at 300 �C for 2 h measurement of equilibrium pressure of
a known volume of liquid nitrogen for the generation of adsorp-
tion–desorption isotherms. Barrett–Joyner–Halenda and t-plot
method were used to evaluate the average pore size distribution
cum total pore volume, respectively while the BET equation was
used to calculate the surface area.

An integrated scanning electron microscopy (SEM) and energy
dispersive X-ray (EDX) microanalysis (Oxford INCA 400, Germany)
was used to determine the physical morphology and chemical
composition of plain and modified activated alumina adsorbent.
The bead samples were attached to an aluminum stub with a car-
bon tape before placement in the analysis chamber for scanning.

A Siemens XRD D5000 diffractometer that is equipped with Cu
Ka radiation at a beam voltage of 40 kV with a scanning rate of 2�
per minute recording between 5� and 90�, was used to determine
the crystal structure of unmodified and modified activated alumina
adsorbents. The small glancing angle was fixed at 2h.

Fourier transform infrared spectroscopy (FTIR) analysis was ap-
plied to determine the surface functional groups on the adsorbents.
After 100 times of scans, spectra between 4000–400 cm�1 were ta-
ken using potassium bromide (KBr) as the mulling agent. Both the
KBr and samples were dried overnight in an oven at 110 �C before
mixing together in a 5% adsorbent and balance KBr. A 7 mm diam-
eter of 1 mm thickness was formed with the aid of hydraulic press
prior to analysis.
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3. Results and discussion

3.1. Characterization of adsorbent

The BET quantitative analysis and nitrogen adsorption–desorp-
tion isotherms for surface area and porosity of PAA and 3MAA are
presented in Table 1 and Fig. 1, respectively.

Modification of the activated alumina with 30% NaOH (3MAA)
was observed to have affected the surface area of the activated alu-
mina. A decrease of 3.82 m2/g occurred which was attributed to
structural changes of the adsorbent according to the XRD results.
A similar observation has been reported on decrease in surface
after modification and successful calcinations of a catalyst [19].
However, the structural changes after modification increased the
total pore volume and average pore width as can be seen in Table 1.
The nitrogen adsorption–desorption isotherms plots of the acti-
vated alumina adsorbent before and after modification were both
mesoporous and of type IV isotherm according to IUPAC classifica-
tion. This signified a monoloyer-multilayer adsorption nature of
the adsorbent [20].

The morphological structure of the PAA revealed the intercon-
nected structure of the alumina even though it was bare when
compared with the wrinkled 3MAA surface as shown in Fig. 2.
The emergence of a clearer more interwoven structure of 3MAA
was attributed to evacuation of some volatile components of the
parent beads after calcinations which led to the porosity develop-
ment. Volatilization of matter on surfaces of mesoporous alumina
after calcination leading to porosity development has been re-
ported [13]. The morphological structure of PAA and 3MAA are pre-
sented in Fig. 2.

The spectrums for EDX of PAA and 3MAA and their correspond-
ing elements detected are presented in Fig. 3.

Three distinctive peaks emerged in the spectrum of 3MAA as
against two peaks found in the PAA EDX analysis as seen in Fig 3.
The third spectrum indicated the presence of sodium which was
introduced during the modification process. An EDX analysis was
used to show a percentage increase of Al content of a clay after pil-
laring with solution of aluminum [19].

The PAA poor crystalline structure with broad diffractometer
peaks attributed to aluminum hydroxide in the form of bayerite
(c-AlO(OH)) appeared at two different peaks 14.48 and 28.27 of
2h. The 3MAA XRD diffractogram revealed distinct and sharp peaks
in the form of boehmite appeared at 18.62 and 20.54 which were
sodium aluminum oxide (Al2Na2O4) compound attributed to mod-
ification with 30% NaOH. Distinct boehmite peaks of transition alu-
mina of high crystalline peaks have been reported [21]. The more
locally organized mesopore structures found in bayerites and its
thermodynamic stability than boehemite which has no such struc-
ture, also enhanced adsorption of CO2 on the adsorbent after mod-
ification and calcinations [22]. The XRD diffractogram is shown in
Fig. 4.

The chemistry of CO2 on a surface (adsorbent) is paramount for
understanding its control from polluting the environment [23]. The
five FTIR spectrums of PAA, 1MAA, 2MAA, 3MAA and 4MAA exhib-
ited similar functional groups on certain wavenumbers as shown
in Fig. 5. These include broad stretches between 2850 and
3500 cm�1 which were attributed to presence of some OAH or
Table 1
Surface area and porosity distribution for plain (PAA) and modified (3 MAA) activated
alumina.

Parameters PAA 3MAA

BET surface area (m2/g) 207.14 203.32
Total pore volume (cm3/g) 0.29 0.45
Average pore width (Å) 57.04 88.83
NAH groups, some amide groups (N-AH) groups peaks on
1647 cm�1 wavenumber, some AC„CA stretches of alkynes func-
tional groups around 2106 cm�1, and some CAH and CAN
stretches around 1384 cm�1 band. Some distinct strong peaks at
1400 and 1500 cm�1 were found on spectrums of both PAA and
3MAA, these peaks were attributed to presence of some carboxyl-
ates and asymmetric nitro functional groups. The extra nitro-func-
tional group on 3MAA coupled with its larger micropore volume
that is, an adsorption system involving both physical and chemical
activity may have contributed to the adsorbent adsorption capabil-
ity [24,25].

3.2. Adsorbent modification parameter study

The modification of activated alumina adsorbent involved study
of parameters such as percentage of sodium hydroxide (10–40%),
calcinations temperatures (200–500 �C) and calcinations time (2–
4 h) suitability. The influence of each parameter on the adsorbent
modification was investigated for CO2 capture through adsorption
column experiment at certain fixed conditions such as adsorption
temperature (35 �C), percentage of CO2 (15%) in the feed (85% bal-
ance of N2), total feed flow rate (90 mL/min), amount of adsorbent
used (4 g) and adsorbent size (1–2 mm). Graphical representation
of effect pf percentage of sodium hydroxide, calcinations tempera-
ture and calcinations time on the activated alumina modification
are shown in Fig. 6.

Chemical modification of the activated alumina involved the
use of various percentages (10%, 20%, 30% and 40%) of NaOH and
then calcined at fixed temperature and time obtained from preli-
minary investigation. The breakthrough profiles for various con-
centrations used are presented in Fig. 6(a). Adsorption of CO2

using 3MAA gave the longest breakthrough time of 3.67 min while
the unmodified adsorbent PAA had the shortest breakthrough time
of 1.17 min which gave corresponding adsorption capacities of
51.92 and 19.61 mg/g. The longest breakthrough time of 3MAA
was attributed to its developed porosity which was revealed by
the nitrogen adsorption–desorption presented in Table 1. The
CO2 adsorption enhancement was also due to formation of carbon-
ates between the carbon dioxide molecules and those of sodium on
the surfaces of the modified activated alumina beads (3MAA) [26].
Other breakthrough times/adsorption capacities for 1MAA, 2MAA
and 4MAA were 2.17 min/39.43 mg/g, 3.33 min/44.42 mg/g and
3.17 min/49.13 mg/g, respectively.

The effect of calcinations temperature variation on activated
alumina modification was studied at 200, 300, 400 and 500 �C
[16]. It was observed that the extension of breakthrough time
was directly proportional to increase in calcinations temperature,
the profiles are shown in Fig. 6(b). However, the difference in
breakthrough time extension between 200 and 300 �C was not sig-
nificant. It was attributed to insufficient heat at these temperatures
that was required for development of the activated alumina



Fig. 2. SEM images of activated alumina at Mag. power of 2000� (a) PAA and (b) 3MAA.

Fig. 3. The EDX spectrums of (a) unmodified and (b) modified activated alumina adsorbents.

Fig. 4. The XRD spectrums of PAA and 3MAA.
Fig. 5. The FTIR spectrums of (A) PAA, (B) 3MAA, (C) 1MAA, (D) 2MAA, and (E)
4MAA.
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adsorbent. Modification of adsorbent for CO2 capture at low tem-
perature has been found to be kinetically slow and with smaller
adsorption capacity [27]. The emergence of 500 �C as the optimum
calcinations temperature was attributed to its suitability for re-
moval of volatile components as well as moisture content from
the adsorbent [13]. High calcinations was reported to have posi-
tively influenced the adsorption capacity increase [28].

The modified activated alumina was calcined at different dura-
tion (2, 3 and 4 h) to study the effect of time on the adsorbent mod-
ification for CO2 capture. Breakthrough profiles for effect of
calcinations time are shown in Fig. 6(c). Elongation of time of
breakthrough point was found to increase with corresponding
increase of calcinations time. Longer calcinations time gave ample
time for evacuation of some volatile impurities in the activated
alumina beads leading to its porosity development. The 3MAA
adsorbent calcined at 500 �C for 4 h led to its porosity development
and gave the longest breakthrough time for CO2 adsorption which
implies better adsorption capacity. The 3MAA longer breakthrough
period meant that the adsorbent took longer time to adsorb the
CO2 (adsorbate) before it was completely saturated or the adsor-
bent was capable of retaining the CO2 at minimum effluent (Ct/
Co) concentration. It also meant that the 3MAA could be used for
longer periods of CO2 adsorption before regeneration or replace-
ment [29].
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3.3. Fixed-bed column parameter study

The adsorption of carbon dioxide on the modified activated alu-
mina at optimum conditions of 30% NaOH, 500 �C for 4 h was stud-
ied by investigating the effects of five parameters namely:
percentage of CO2 in the feed, adsorption temperature, feed flow
rate and bed depth.
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Fig. 7. Breakthrough curves for modified beads activated alumina evaluated at
different percent concentration of CO2 in the feed (modification with 30% NaOH;
calcinations time, 4 h; adsorption temperature, 35 �C; total feed flow rate, 90 mL/
min; concentration of CO2, 15%; amount of beads, 4 g; size of beads, 1–2 mm).
3.3.1. Effect of percent carbon dioxide in the feed
The effect of variation (12%, 15% and 18%) of CO2 in the feed

(balance of N2) on adsorption was investigated, the breakthrough
profiles and adsorption capacities for the various percentage of
CO2 in the feed stream studied are presented in Fig. 7 and Table 2,
respectively.

The percentage increase of CO2 in the feed stream from 12% to
15% gave a corresponding adsorption increase from 24.64 to
51.92 mg/g. While a further increase of the CO2 percentage in the
field to 18% negatively affected the adsorption capacity. At lower
percentage concentration of CO2 in the feed, the inflow sorbate
molecules were commensurate to the active sites on the adsorbent.
While on the contrary, outrageous inflow of CO2 molecules (18%)
outstripped the limited available active sites on the adsorbent sur-
face. Increase in percentage CO2 in the feed increased the concen-
tration gradient which has also been found by other researchers to
overcome mass transfer resistance as well as increasing the
adsorption capacity [30].
3.3.2. Effect of adsorption temperature
The temperature at which an adsorbent adsorb CO2 is signifi-

cant as that will determine its area of application whether in
pre-combustion or post-combustion (from flue gases) units [24].
Adsorption of CO2 by 3MAA was found to be decreasing as the tem-
perature increased 51.92, 33.99 and 32.17 mg/g for temperatures
of 35, 45 and 55 �C, respectively. This revealed that physisorption
of CO2 on 3MAA was dominant and this was attributed to the
developed porosity of the adsorbent after modification. Similar
observations of better adsorption of CO2 at a lower column temper-
ature due to association of alumina with sodium and also pore size
development has been reported [6,27]. It can also be said that
physisorption activities were negated as the adsorption tempera-
ture increased [13]. Other researchers [25] have observed contri-
bution of nitrogen functionalities to CO2 capture at room
temperature, the extra nitrogen functional group on the 3MAA
determined from FTIR analysis (Section 3.1) may have enhanced
the adsorption at lower temperature investigated. Modification of
the activated alumina with sodium hydroxide introduced some
molecules of sodium on its surface which enhanced formation of
sodium carbonate as CO2 was adsorbed. This is similar to previous
observations made that alkali metal carbonates can adsorb CO2 at
low adsorption temperatures [26,31]. The breakthrough curves for
adsorption of CO2 at different temperatures and their adsorption
capacities are depicted in Fig. 8 and Table 2, respectively.
3.3.3. Effect of influent feed flow rate
The variation of the feed flow rate (90, 120 and 150 mL/min)

into the adsorption column was synonymous with an increase in
mass flow. At the slow flow rate of 90 mL/min, the breakthrough
time was elongated as compared with the higher flow rate of
150 mL/min. Longer residence time experienced at lower flow
rates allow for diffusion of molecules of the CO2 which translated
to higher adsorption capacity of 51.92 mg/g when compared with
40.14 and 37.64 mg/g for 120 and 150 mL/min, respectively. Early
saturation of adsorption column adsorbent bed was associated
with higher mass transfer coefficient emanating from high flow
rate [32]. Adsorption capacities and breakthrough profiles for var-
ious feed flow rate effects are presented in Table 2 and Fig. 9,
respectively.



Table 2
Breakthrough time and adsorption capacity for parameters investigated.

Parameters Values Breakthrough
time (s)

Adsorption
capacity (mg/g)

CO2 % in the feed 12 200 24.64
15 220 51.92
18 170 33.01

Adsorption temperature (�C) 35 220 51.92
45 190 33.99
55 160 32.17

Feed flow rate (mL/min) 90 220 51.92
120 120 40.14
150 70 37.64

Amount of adsorbent in the
adsorption column (g)

2 80 36.65
4 220 51.92
6 450 54.81
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Fig. 8. Breakthrough curves for modified beads activated alumina evaluated at
different adsorption temperature (modification with 30% NaOH; calcinations time,
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3.3.4. Effect of amount of 3MAA in fixed-bed adsorption column
The breakthrough curves for variation in the amount of the

3MAA (2, 4 and 6 g) loaded into the adsorption column on CO2

adsorption and the adsorption capacities obtained are shown in
Fig. 10 and Table 2, respectively. An increase in the amount of
adsorbent was accompanied with subsequent increase in the ser-
vice area of the adsorbent. The service area increase enhanced
more contact between the active sites on the 3MAA and CO2 mol-
ecules, thus increasing the adsorption capacity. It is also interesting
to note that enlarged service area increased the volume of syn-
thetic flue gas (CO2/N2 mixture) treatment as well as gave a pro-
longed breakthrough point attainment.
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Fig. 9. Breakthrough curves for CO2 adsorption by 3MAA evaluated at different total
flow rate (modification with 30% NaOH; calcinations time, 4 h; adsorption
temperature, 35 �C; total feed flow rate, 90 mL/min; concentration of CO2, 15%;
amount of beads, 4 g; size of beads, 1–2 mm).
3.4. Comparison of alumina sorption capacities for CO2 adsorption

Modification of activated alumina with 30% sodium hydroxide
calcined at 500 �C for 4 h gave about 164.76% increase in adsorp-
tion capacity of CO2 when compared with the commercial plain
activated alumina adsorbent. The significant increase in CO2

adsorption capacity was attributed to the increased basicity by
the NaOH which gave rise to the pore width as well as total pore
volume development as discussed earlier in Section 3.1. The
adsorption capacities obtained in this study are comparable with
results reported by other researchers as can be seen summarized
in Table 3.

3.5. Desorption of modified activated alumina (3MAA) adsorbent

Desorption was carried out by reheating the 3MAA to a desorp-
tion temperature (110 �C) which was similar to the adsorbent pre-
treatment column temperature (110 �C). The temperature 110 �C
was found to be suitable for complete CO2 desorption from the
3MAA and the desorption breakthrough profiles are presented in
Fig. 11. This method is in accordance with report by previous
researchers that successfully carried out desorption at a tempera-
ture similar to the adsorbent pretreatment temperature [28]. The
ease of desorption of the adsorbed CO2 molecules from the 3MAA
was attributed to initial predominant physical adsorption into
the pore volume of the CO2. The three cycles of adsorption after
desorption of 3MAA gave adsorption capacities of 42.81, 35.76
and 35.24 mg/g for first, second and third cycles. The significant
difference between the first and other adsorption capacities of sec-
ond and third cycles was attributed to blockages of 3MAA pores by
some chemisorbed CO2 molecules on nitrogen active sites and with
some residual sodium on the surface (forming carbonates) before
the predominance of physisorption activities [36]. Similar observa-
tion has been reported on desorption of CO2 on N-doped mesopor-
ous alumina [13]. Reusability of CO2 has been undertaken by other
researchers in order to cut cost of adsorption through minimizing
the frequency of replacement of adsorbents and the use of energy
[12].
4. Conclusion

Modification of activated alumina was successfully carried out
with 30% concentration of sodium hydroxide after calcinations at
500 �C for 4 h. The fixed-bed column adsorption parameters inves-
tigated revealed that concentration of CO2 in the feed of 15%, total
feed flow rate of 90%, adsorption temperature of 35 �C and 4 g of
3MAA were suitable for the CO2 capture. The modified PAA
(3MAA) surface had its total pore volume and average pore width



Table 3
Comparison of adsorption capacity of alumina based adsorbent for CO2 capturing.

Adsorbent CO2% in the
feed

Adsorption
temperature (�C)

Feed flow rate
(mL/min)

Adsorption capacity
(mg CO2/g)

Reference

PAA 15.00 35 90 19.61 Present
work

3MAA 15.00 35 90 51.92 Present
work

Commercial MAa SASOL 15.40 55 52 7.45 [13]
Chitosan based MAa 15.40 55 52 29.40 [13]
MAa commercial 15.85 75 10 52.00 [12]
PEIb impregnated MAa 15.85 25 10 120.00 [12]
Sodium oxide promoted alumina 16.00 225 – 16.72 [6]
Palm shell-based activated carbon (AC) 30 40–50 15 37.10 [33]
2-Amino-2-methyl-1-propanol AC 30 40–50 15 64.00 [33]
2-Amino-2-methyl-1,3-propandiol AC 30 40–50 15 54.00 [33]
2-(Methylamino) ethanol AC 30 40–50 15 44.00 [33]
3-[2-(2-Aminoethylamino)ethylami-no]propyl-trimethoxysilane

modified MgAl layered double hydroxide
– 80 – 78 [34]

MgO-based adsorbent, 5A3M 10 200 50 44 [35]
MgO-based adsorbent, 5A5M 10 200 50 77 [35]
MgO-based adsorbent, 5A7M 10 200 50 37 [35]

a MA is mesoporous alumina.
b PEI is polyethylenimine.
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Fig. 11. Breakthrough curves for 3MAA adsorption–desorption (Calcinations time,
4 h; adsorption temperature, 35 �C; total feed flow rate, 90 mL/min; concentration
of CO2, 15%; calcinations temperature, 500 �C; amount of 3MAA 4 g; particle size 1–
2 mm).
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developed and also had nitrogen functionalities which promoted
physisorption and chemisorption mechanism of adsorption of the
CO2 on it. The adsorption–desorption test of 3MAA showed that
the adsorbent can be reused successfully for three cycles. The re-
sults of this study revealed that activated alumina can be used to
remedy CO2 pollution in the environment.
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