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ABSTRACT: Developing an efficient solvent for carbon dioxide
(CO2) capture stands as a pivotal step in mitigating greenhouse gas
emissions and long-term climate change. In this study, we
evaluated the CO2 capture-desorption performance of 3-
(dimethylamino)propylamine-6-propylene oxide (DMAPA-6PO),
as a surface-active tertiary amine for cyclic CO2 capture as
bicarbonate. Results delineate a distinct CO2 capture pathway
utilizing DMAPA-6PO, which not only promotes bicarbonate
generation, but also enhances CO2 solubilization. This enhance-
ment is attributed to the surface activity, based on 13C nuclear
magnetic resonance (NMR) and Fourier transform infrared
spectroscopy (FTIR) analyses. Furthermore, DMAPA-6PO dem-
onstrated a stable cyclic capacity, maintaining the CO2 capture
performance and bicarbonate concentration profiles over 900 min of testing cycles. We also examined the CO2 capture capacity
regeneration efficiency and desorption heat requirement in comparison with those of common commercial solvents. DMAPA-6PO
showed a capture capacity regeneration efficiency that was 30% higher than that of monoethanolamine (MEA). Additionally, it
exhibited a superior desorption rate, resulting in a substantial reduction of 88% in the heat duty requirements compared to MEA.
The results demonstrate that DMAPA-6PO is a promising surface-active tertiary amine for capturing CO2, offering significant
advantages in both the CO2-capture-as-bicarbonate pathway and traditional amine-based thermal desorption process.

1. INTRODUCTION
As the world is struggling with the pressing issue of increasing
carbon emissions and their profound impact on climate
change, exploring innovative solutions toward achieving carbon
neutrality and a sustainable future has reached an unprece-
dented level of importance. Long-term projections emphasize
the necessity of large-scale implementation of carbon capture,
utilization, and storage (CCUS) technologies to meet emission
reduction goals. Amine-based post-combustion capture (PCC)
is currently the most proven and widely adopted technology
for large-scale CCUS applications.1−3

The development of a techno-economically optimal CO2
capture solvent is a key challenge in CCUS. An optimal CO2
capture solvent possesses specific characteristics, including a
high CO2 cyclic capacity, efficient mass transfer, rapid CO2
desorption, efficient regeneration, and stable long-term
recyclability under operating conditions.4,5 The cyclic capacity
and regeneration efficiency are critical parameters that
influence the amount of solution and thus the size of the
equipment, such as the absorber columns required in practical
applications. These factors subsequently contribute to the
overall capital cost of CO2 capture plants.6−9 Notably, efficient
desorption is crucial as it significantly impacts the regeneration
energy requirements, which is the major component of the
total energy consumption in PCC, accounting for 60−80% of
the energy requirements. It also ensures that the absorbed CO2

is released from the solvent at lower energy costs, facilitating
the readiness of the solvent for successive capture cycles.10−12

Furthermore, the generation of degradation compounds during
CO2 capture reactions affects the CO2 absorption capacity.
This effect can also lead to increased corrosion, foaming,
fouling, and environmental risks by generating potentially
harmful substances such as volatile compounds and nitros-
amines.

In this regard, extensive testing at Niederaussem pilot plant
has provided insights into the degradation of monoethanol-
amine (MEA) over prolonged periods of thermal desorption.
The specific MEA consumption per ton of captured CO2
ranged from 0.21 to 3.65 kg MEA per ton of CO2. This
variation was attributed to solvent degradation under different
long-term thermal stress conditions without solvent reclaiming.
However, implementing mitigation methods such as solvent
reclamation and pretreatment significantly increases the overall
operating cost.13,14 Therefore, assessing the amine solvent
regeneration and ensuring the stability of the CO2 capture
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pathway are crucial for the performance and cost-effectiveness
of amine-based CO2 capture.

Researchers have extensively investigated various amine
formulations and capture mechanisms to develop stable
solvents with superior CO2 capture and regeneration
efficiencies. Absorption is the primary mechanism in amine-
based systems, where CO2 chemically reacts with the solvent
to form compounds such as carbamates and bicarbonates.
Additionally, in some technologies, adsorption plays a
significant role, wherein CO2 molecules physically adhere to
the surfaces of solids or liquids without undergoing chemical
reactions.15,16 Research on amine-based chemical absorption
has expanded to the reaction pathways and kinetics of amine
interactions with CO2. Primary and secondary amines exhibit
rapid CO2 reaction rates, forming stable carbamates and
releasing significant absorption heat, which necessitates a
significant amount of energy for regeneration. In contrast,
tertiary amines react to form unstable carbamates, which
promote bicarbonate formation by hydrolysis, resulting in less
energy consumption but a slower CO2 absorption rate.17−20

Consequently, many researchers have explored tertiary
diamines such as DMAPA, DMBTA (N,N-dimethyl-1,4-
butanediamine), blended amine formulations, like MEA/
MDEA (methyl diethanolamine), and different configurations
with the addition of mesoporous catalyst loadings.18,21−24

Some researchers have also considered alternative pathways,
such as integrating amine-based CO2 capture with electro-
chemical conversion.25−27 Despite these efforts, challenges still
persist regarding solvent regeneration and degradation.

A promising alternative to the conventional “CO2-catch-and-
release” process is to capture CO2 as bicarbonate and use the
resulting bicarbonate in a less energy-intensive CCUS pathway.
The high thermal energy required to remove CO2 and
regenerate amine has always been a drawback of this process.
In contrast, tertiary amines react to promote bicarbonate
formation by hydrolysis, resulting in lower energy consump-
tion. Therefore, capturing CO2 using an efficient tertiary amine
can provide a less energy-intensive carbon capture pathway.
This approach can be coupled with the electrochemical
conversion of bicarbonate into chemicals such as formate/
formic acid, carbon monoxide, and others,28,29 thereby
establishing an integrated CO2-as-bicarbonate value chain for
CCUS technologies. This pathway offers an effective, stable,
and energy-efficient approach for storing and delivering CO2-
bearing products into utilization units in aqueous carbon
capture technologies. Notably, substituting CO2 gas feed
streams with captured bicarbonate improves the mass transfer
rates of CO2 gas in aqueous carbon capture technologies by a
factor of 100, achieved through a higher carbon concentration
in saturated solutions (3.3 M for saturated KHCO3 compared
to 0.033 M for saturated CO2).30 Additionally, the electro-
chemical reduction of bicarbonate into formic acid consumes
approximately 50% less energy than reducing CO2 gas.29,31,32

Hence, the potential of an amine solvent capable of delivering
high CO2 cyclic capacity, significant bicarbonate production,
and superior regeneration capability holds great promise to
advance this bicarbonate pathway.

In a prior publication by our research group focused on this
bicarbonate pathway, we studied enhanced in situ bicarbonate
generation during CO2 capture by introducing surface activity
into a tertiary amine.33 We specifically employed 3-
(dimethylamino)propylamine (DMAPA), a diamine contain-
ing both tertiary and primary amino groups. To create built-in

surface-active amines, we chemically introduced propylene
groups (PO) at various levels to the primary amino group,
resulting in DMAPA-xPO, where x represents 4, 6, 8, or 12,
indicating the PO levels. The surface-active DMAPA-xPO
solutions were shown by 13C NMR analysis to produce only
bicarbonate during the CO2 capture process. The introduction
of surface activity notably improved CO2 capture, conse-
quently enhancing the bicarbonate generation capacity of the
amine solution. Optimal performance was observed with a PO
level of 6 in DMAPA-6PO, with higher PO levels exhibiting a
decline in CO2 capture performance due to steric effects from
higher carbon chains. This optimized level in DMAPA-6PO
led to an enhancement of 54% in bicarbonate generation in
comparison to DMAPA.33 However, further critical assessment
is necessary to substantiate the viability of DMAPA-6PO for
large-scale deployment within the proposed integrated pathway
for CO2 capture as bicarbonate. These gaps primarily entail the
comprehensive evaluation of the effect of the surface activity
on the recyclability, chemical stability, regeneration efficiency,
cyclic capture reaction pathway, and energy consumption of
the amine solvent in comparison to commonly used
commercial solvents.

CO2 desorption by thermal stripping is a suitable procedure
to evaluate the mentioned critical parameters. By conducting
these experiments, we will provide valuable information
regarding this new class of tertiary amines utilized in the
CO2-as-bicarbonate pathway useful to minimize the gap
toward large-scale application. However, it is worth mentioning
that releasing CO2 from bicarbonate product is not originally
envisioned within this proposed bicarbonate pathway. In
contrast, separating bicarbonate to be used directly as a
feedstock to produce chemicals while deprotonating the amine
with an alkaline reaction for reutilization purposes is the target
strategy to reduce the overall energy consumption of the
amine-based CO2 capture technology. The latter separation
and regeneration operations are out of the scope of this
publication. Therefore, this study focuses on investigating the
cyclic performance, recyclability, and chemical stability of
DMAPA-6PO in extended cycles of CO2 capture as
bicarbonate and thermal desorption. We present the reaction
pathway of the solvent, showing the impact of the PO group
derived from surface activity on enhanced CO2 solubilization
and bicarbonate generation and their subsequent desorption.
Additionally, we assess the effect of temperature on the cyclic
capacity and bicarbonate generation. Lastly, we evaluate the
critical parameters of DMAPA-6PO, such as the CO2 loading
and bicarbonate cyclic capacity, regeneration efficiency,
desorption rate, and heat duty, in comparison to MEA and
DMAPA. We conducted these assessments using a laboratory-
scale CO2 capture and desorption setup, a modified Chittick
titration setup, and spectroscopic analysis.

2. EXPERIMENTAL SECTION
2.1. Chemicals. Analytical grade chemical supplies of DMAPA-

6PO (Harcros Chemicals, > 98.0%), DMAPA (Harcros Chemicals, >
98.0%), MEA (J. T. Baker, > 98.5%), and EDTA-4Na (Sigma-Aldrich,
> 99.0%) were used without additional purification steps. 3N
hydrochloric acid (HCl) from Thermo Fisher Scientific and methyl
orange indicator powder from Aqua Solutions were used for titration.
High-purity carbon dioxide (99.9% CO2) and nitrogen (99.998% N2)
gases were sourced from Linde Gas & Equipment, Inc. Deionized
water with a resistivity value of 18.2 MΩ/cm was used for all the
experiments performed in this research.
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2.2. CO2 Capture and Desorption Experiments. The CO2
capture setup is depicted in Scheme 1, as previously described in our

previous publication.33 The reactor (250 mL four-necked flask)
contained 200 mL of 0.1 mol/L of the desired aqueous amine
solution. The solution was consistently stirred using a spherical
magnetic stirring bar at a rotation speed of 250 rpm throughout the
experiments. The reaction was carried out at ambient temperature and
pressure conditions. CO2 was continuously supplied at a precise flow
rate of 90 mL/min regulated by a gas mass flow controller
(FMA5508A-ST-CO2 model by OMEGA Engineering Inc.). The
CO2 gas was bubbled through the solution via a stainless-steel sparger
with a mean pore size of 2−10 μm at a pressure of 137 kPa for a
duration of 75 min. The pH of the solution was continuously
monitored during the tests using a Fisher Scientific Accumet AE150
pH meter. After the CO2 capture process, a 6 mL aliquot of the
reaction mixture was extracted for subsequent analyses, including CO2
loading determination by titration and chemical characterization using
spectroscopic measurements.

The titration for determining the CO2 loading was performed using
the Chittick apparatus illustrated in Scheme 2.34,35 The Chittick setup

was modified from our previous setup to allow for air venting after
each run of experiment to expedite the equilibration process. To
calculate the CO2 loading at ambient temperature and pressure, 5 mL
of the extracted aliquot was transferred to an Erlenmeyer flask
containing 50 mL of DI water. Two drops of 0.01 wt % methyl orange
indicator were added to the flask, which was then tightly fitted to the
buret with a cork to prevent the escape of gas from the system.
Subsequently, the captured solution was treated with 1 mol/L of HCl
while closely monitoring the color change from yellow to orange to
ensure the complete release of CO2 gas from the sample. The CO2
loading, which quantifies the amount of CO2 absorbed, was
determined by measuring the volume of the nonreactive solution
mixture (H2SO4, NaHCO3, and NaCl) displaced by the CO2 gas that
evolved from the titration reaction using the following formula35,36

= =
C V

mol of CO
mol of amine

P V V

RT
CO

2

( )

0 0
2

gas HCl

(1)

where αCO2 is defined as the CO2 loading, which is the mol of CO2
captured per mole of the amine, R is the gas constant (8.314 L kPa/
mol·K), P is the atmospheric pressure (kPa), T is the temperature
(K), C0 is the concentration of the sample (mol/L), V0 is the volume
of the sample (mL), Vgas refers to the volume of released CO2
determined by measuring the volume of the nonreactive solution
displaced (mL), and VHCl is the volume of the acid consumed during
the titration (mL). All titration results exhibited a high level of
reproducibility, with deviations of no more than 2%.

After completing the CO2 capture process, the CO2 capture
solution was subjected to thermal treatment for CO2 desorption. The
setup employed is shown in Scheme 3, where the four-neck flask

containing the CO2-rich amine solution was fitted with a condenser to
prevent the evaporation of water and the amine solution during the
desorption. Nitrogen gas (N2) was introduced into the headspace of
the reactor to maintain a deoxygenated system. The heating was
carried out in a silicone oil bath (Grainger, 99.9%) at atmospheric
pressure and constant temperature of 80 °C, using an electric hot
plate coupled with continuous magnetic stirring (Thermo Fisher, ±
1.8 °C). The temperature of the amine solution was monitored
throughout the heating process using a thermometer (Durac, ± 1.5
°C). The solution was initially heated for 15 min to attain thermal
equilibrium with oil. Subsequently, samples of 6 mL each were
collected at 10 min intervals to determine the CO2 loading and
perform instrumental analysis. The desorption process was stopped
when a constant CO2 loading was obtained.

In our capture-desorption cyclic assessment, we used both cyclic
capacity and capture capacity regeneration efficiency as crucial
parameters of evaluation.37 The cyclic capacity is determined at
equilibrium and is defined as the difference between the maximum
CO2 loading after CO2 capture (also defined as the CO2 capture
capacity) and the minimum CO2 loading after desorption (also
defined as the desorption capacity).38,39 On the other hand, the
capture capacity regeneration efficiency is determined by the ratio of
the cyclic capacity to the CO2 capture capacity. An additional
parameter calculated from the CO2 desorption reaction is the
desorption rate (mmol CO2/min·L). For this purpose, a linear
correlation within the initial 10 min of desorption between the CO2
loading and time was established. This evaluation is essential since
industrial processes do not always reach equilibrium due to practical
limitations.6

Scheme 1. CO2 Capture Experimental Setup

Scheme 2. Chittick Titration Setup

Scheme 3. CO2 Desorption Experimental Setup
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The heat duty, measuring the heat needed for solvent regeneration
after CO2 capture, is a critical parameter that accounts for nearly 70%
of overall expenses, thus serving as a pivotal metric for capture
solution comparison and process optimization.40 The heat duty (kJ/
mmol CO2) was calculated from the desorption rate and heat input
using Fourier’s law of heat transfer and is given as follows41

= =
I

heat duty
heat input

desorption rate

kA T
d

( )

d (2)

where k is defined as the thermal conductivity of the reactor (1.2 J/s·
m·K), A is the area of the heat transfer (0.00318 m2), ΔT is the
difference in temperature between inside and outside the reactor (K),
d is the thickness of the reactor (0.25 cm), and Id is the calculated
desorption rate (mmol CO2/min·L).
2.3. Instrumental Analysis. NMR spectroscopy was used for

quantifying bicarbonate, elucidating reaction pathways/species, and
assessing the stability of the solvent throughout the reaction. 0.5 mL
of the capture solution was treated with 100 μL of deuterium oxide
(Thermo Scientific, NMR 99.8 atom % D) to establish a system lock.
Tetramethylammonium chloride (Acros Organics, 98+%) was used as
a reference peak to calibrate the other secondary peaks. The tubes
were tightly sealed to prevent material exchange with the surrounding
environment. The analytical procedures were conducted using a
Bruker Avance Neo 400 NMR machine at ambient temperature with
a relaxation delay time of 2 and 1024 scans. The bicarbonate
concentration was quantified by a calibration curve using 13C NMR
for pure sodium bicarbonate (ThermoFisher Scientific, > 95%) using
previously established methods.33 The NMR results were processed
using the MestNova software for baseline and phase correction before
interpreting the results.

Similarly, FTIR was employed for qualitative analysis of the
chemical changes and to check the stability and possible degradation
of the solvent during the CO2 capture and desorption processes. The
spectral data were acquired using a Bruker Invenio-R instrument.
Transmittance (%) measurements were recorded at 10 min intervals
during the desorption process, maintaining a signal-to-noise ratio of
100 between the sample and the background. The forward and
reverse velocities were consistently set at 50 kHz. Each spectrum was
recorded with the acquisition of 256 scans for both the sample and
background, employing a resolution of 4 and a signal gain of 1. The
bandwidth number of the instrument covered a range from 400 to
4000 cm−1.

3. RESULTS
3.1. CO2 Capture and Desorption Performance of

DMAPA-6PO. Figure 1a presents the CO2 capture and
desorption performance of 0.1 mol/L DMAPA-6PO solution.

The CO2 capture process was carried out at ambient
temperature. In this condition, the surface-active amine
demonstrated a rapid CO2 capture process, attaining slightly
over 40% of its total CO2 capture capacity 15 min after the
CO2 capture reaction started. In addition, a maximum CO2
loading capacity of 1.29 mol CO2/mol amine was achieved
after 75 min of reaction, similar to our previous report.33 Based
on a preliminary extended experiment shown in Figure S1, the
surface-active amine became fully saturated with CO2 after 70
min of CO2 capture. Beyond this point, the amine solution
maintained a constant loading capacity. Therefore, 75 min was
selected as the final CO2 capture time for this and the
subsequent experiments.

After the CO2 capture process, the CO2 desorption was
performed with a constant 80 °C heat treatment until a steady
CO2 loading capacity value of 0.53 mol CO2/mol amine is
attained. Notably, this resulted in an initial capture capacity
regeneration of 59%, associated with a CO2 cyclic capacity of
0.76 mol CO2/mol amine, for the DMAPA-6PO solution. The
CO2 desorption profile revealed that approximately 30% of the
total CO2 desorption process occurred within the initial 10
min of heating, as the CO2 loading decreased from 1.29 to 0.91
mol CO2/mol amine, thus indicating a rapid desorption
kinetics.

Since the bicarbonate (HCO3
d

−
) is the main product derived

from the CO2 capture reaction using DMAPA-6PO, the
bicarbonate concentration profile was also monitored during
the capture and desorption of CO2. This profile is presented in
Figure 1b. As the CO2 capture reaction started, the bicarbonate
concentration rapidly increased, until it reached a maximum of
0.20 mol/L, in concordance with the CO2 capture perform-
ance presented in Figure 1a. Then, during the CO2 desorption
process, the bicarbonate concentration decreased to a constant
value of 0.11 mol/L value after 70 min of the heat treatment.
Thus, the bicarbonate cyclic capacity (as defined in Section
2.2) was 0.09 mol/L. Then, the estimated capacity of DMAPA-
6PO to regenerate bicarbonate from capturing CO2 in a
consecutive cycle was calculated to be 44%. Table 1
summarizes all evaluated parameters derived from the CO2
capture and desorption assessments using 0.1 mol/L DMAPA-
6PO solution.

Another important observation is the decrement of the
bicarbonate concentration during the CO2 desorption process.
Table 1 indicates that the bicarbonate concentration decreased

Figure 1. (a) CO2 capture and desorption profile of 0.1 mol/L DMAPA-6PO; the CO2 loading values are within a standard deviation of ±0.02 mol
CO2/mol amine. (b) Bicarbonate product concentration during CO2 capture and desorption using 0.1 mol/L DMAPA-6PO. The bicarbonate
concentration values were within a standard deviation of ±0.01 mol CO2/mol amine. In both (a,b), CO2 capture was performed at room
temperature and 90 mL CO2/min, while CO2 desorption was at a constant temperature of 80 °C.
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by approximately 44% during the heating process, associated
with its decomposition to release CO2 gas. It has been
demonstrated that pure ammonium bicarbonate solution is
thermally decomposed within the 60−95 °C range for
liberation of CO2,42 which covers our experimental conditions
at 80 °C. Therefore, if all the decrements in bicarbonate
resulted in CO2 gas, the 44% value was too low to account for
the 59% obtained from the CO2 loading parameter. This
discrepancy suggests that there is a contribution from
solubilized CO2, which is not converted into bicarbonate
during the capture process.

We carried out a blank experiment, in which 0.2 mol/L
NaHCO3 solution was prepared to simulate the highest
bicarbonate concentration produced after CO2 saturation from
the capture process. The solution was then titrated using the
same process, and the CO2 loading was determined. This blank
bicarbonate solution corresponded to an equivalent CO2
loading amount (eCO2 loading) of 1.25 mol CO2/mol
amine. This value is slightly lower than the CO2 loading
obtained from the titration of the CO2 saturated amine (1.29
mol CO2/mol amine), indicating a contribution of 0.04 mol
CO2/mol amine from the dissolved CO2 at the end of the
capture process. Based on this blank experiment, a correlation
factor between the obtained eCO2 loading and the NaHCO3
concentration values was calculated to be 6.28 mol CO2·L/mol
amine·mol HCO3

d

−
. This correlation factor was then used to

calculate the subsequent eCO2 loadings derived from the
measured HCO3

d

−
concentration via 13C NMR throughout the

desorption process. The resulting values are presented in
Figure 2.

As expected, the eCO2 loadings from the bicarbonate
decomposition during the desorption process were lower than
the CO2 loading values obtained for the desorbed amine
solution. The difference between the two values increased as
the desorption process began with the heat treatment, reaching
a maximum difference of 0.15 mol CO2/mol amine when the
desorption process was completed. This difference can be
attributed to the amount of CO2 dissolved in the capture
solution that was not converted into bicarbonate. Therefore,
this amount, representing 11% of the total CO2 loading
capacity after the heating, could not be quantified from the
bicarbonate peaks obtained in the NMR analysis. These results
clearly demonstrate the ability of the surface-active amine to
not only capture CO2 as bicarbonate, but also to enhance the
solubility of CO2 in the aqueous media.

With the aim of assessing the stability and recyclability of the
DMAPA-6PO solution, consecutive CO2 capture-desorption

cycles were carried out as presented in Figure 3. A 6-cycle
performance was explored in terms of both the CO2 loading

and the bicarbonate concentration analysis. As can be observed
(on the left Y-axis in Figure 3), the surface-active amine
maintained consistent maximum and minimum CO2 loading
capacities following the capture and desorption processes
throughout all the tested cycles. As for the CO2 capture, the
average CO2 loading was determined to be 1.27 mol CO2/mol
amine. Similarly, for the desorption process, the average CO2
loading stood at 0.54 mol CO2/mol amine. However, a slight
decrement of 4% in initial capture capacity was observed at the
end of the sixth cycle, which could be attributed to the
DMAPA-6PO degradation over the consecutive heat treat-
ments.14,43 In terms of the CO2 cyclic capacity, a slight

Table 1. Evaluated Parameters from the CO2 Capture and
Desorption Experiments Using 0.1 mol/L DMAPA-6PO
Solutionc

parameter
capture
capacity

desorption
capacity

cyclic
capacity

capture
capacity

regeneration
(%)

CO2 loadinga

(mol CO2/mol amine)
1.29 0.53 0.76 59

HCO3
−

concentrationb

(mol/L)
0.20 0.11 0.09 44

aCO2 loading STD: ± 0.02 mol CO2/mol amine. bHCO3
−

concentration STD: ± 0.01 mol/L. cNote: CO2 capture was carried
out at room temperature and 90 mL CO2/min, whereas CO2 was
desorbed at a constant temperature of 80 °C.

Figure 2. Comparison between the experimental CO2 loading from
titration and equivalent CO2 loading (eCO2 loading) from
bicarbonate concentration obtained from 13C NMR analysis. CO2
capture was carried out at room temperature and 90 mL CO2/min,
while CO2 desorption was at a constant temperature of 80 °C. All the
CO2 loading and eCO2 loading values are within a standard deviation
of ±0.02 mol CO2/mol amine and ±0.06 mol CO2/mol amine,
respectively.

Figure 3. CO2 loading and bicarbonate concentration profiles over six
consecutive CO2 capture-desorption cycles performed by 0.1 mol/L
DMAPA-6PO. CO2 capture was carried out at room temperature and
90 mL CO2/min for 75 min, while CO2 desorption was at a constant
temperature of 80 °C for 75 min (total time of 150 min/cycle).
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decrease from 0.75−0.71 mol CO2/mol amine was observed
when the last cycle finished. Despite this drop, the CO2
capture capacity regeneration remained within the range of
57−58%, thus validating the stability and recyclability of the
surface-active amine solution. All the values obtained for the
CO2 loading capacity are listed in Table 2.

As performed for the CO2 loading capacity, the bicarbonate
concentration was also monitored over the consecutive CO2
capture-desorption cycles (right Y-axis in Figure 3). The
average bicarbonate concentration produced from the capture
process was 0.20 mol/L, while the average concentration after
the desorption process was 0.10 mol/L. In detail, the
maximum bicarbonate concentration generated in the first
cycle was 0.21 mol/L, which decreased to 0.19 mol/L at the
end of the sixth cycle, representing a drop of 8% after
consecutive 900 min of testing. Notably, the bicarbonate cyclic
capacity and the bicarbonate capture capacity regeneration
remained consistent over the consecutive test cycles, with the
range of 0.10−0.09 mol/L and 48−50%, respectively. All the
values are presented in Table 3. This bicarbonate analysis
revealed that the ability of DMAPA-6PO to regenerate
bicarbonate from capturing CO2 in consecutive capture-
desorption cycles is well maintained despite the decrement
in the maximum and minimum bicarbonate concentration
values per cycle. This consistency demonstrates its suitability
as an effective solvent for capturing CO2 as bicarbonate.

Lastly, a potential degradation effect in the consecutive CO2
capture-desorption cycles was studied by introducing a 12 h
pause break between the fourth and fifth cycle to assess the
stability and resilience of the surface-active amine solution
under conditions simulating operational interruptions such as
venting, that typically occur in practical settings.44 This pause
allowed us to isolate the possibility of degradation effects over
time without continuous or additional CO2 streams. During
this pause, the surface-active amine solution was allowed to
rest inside the closed reactor without any nitrogen flow at the
end of the fourth cycle. When the fifth cycle was resumed, it
was observed that this break showed no significant impact on
the bicarbonate concentrations or CO2 loading capacities of
DMAPA-6PO. The measured values remained consistent with
the existing trend. This is reflected by a marginal decline in
performance, corresponding to a drop of 2% in CO2 cyclic
capacity and a drop of 4% in the bicarbonate cyclic capacity
between the mentioned cycles, as already observed in the
overall trend. This minimal decline in the surface-active amine
performance provides strong evidence of its stability under
practical stress conditions.
3.2. Chemical Reactions during CO2 Capture and

Desorption. To fully harness the full potential of DMAPA-
6PO as a CO2 capture solvent, it is crucial to have a
comprehensive understanding of the intricate mechanisms and
species involved in the reactions. This includes the evolution of
the bicarbonate, the effect of the surface activity, protonation
changes occurring at the amino groups, as well as any
intermediate observations. These factors collectively influence
the efficacy and stability of the cyclic reaction pathway of the
solvent. A detailed explanation of this process is provided in
the subsequent sections through NMR and FTIR analyses.

Figure 4 shows the obtained spectra from 13C NMR analysis.
DMAPA-6PO samples were taken before the reaction with

CO2, after equilibrium, and during desorption at 80 °C at 10
min intervals. The spectra in Figure 4a specifically show the
evolution of the bicarbonate generated during the CO2 capture
and desorption reactions. At the initial stage, no bicarbonate
signal was observed in the unreacted sample. After 75 min of
CO2 capture reaction (C-75 min), the equilibrium state was
reached, and a new peak emerged at 160.4 ppm represented

Table 2. Evaluated Parameters from the CO2 Loading
Determination during the Consecutive CO2 Capture-
desorption Cycles Using 0.1 mol/L DMAPA-6POb

cycle

capture
capacitya (mol

CO2/mol
amine)

desorption
capacitya (mol

CO2/mol
amine)

cyclic
capacitya (mol

CO2/mol
amine)

capture
capacity

regeneration
(%)

1 1.29 0.56 0.73 57
2 1.28 0.53 0.75 58
3 1.28 0.54 0.74 58
4 1.28 0.55 0.73 57
5 1.26 0.54 0.71 57
6 1.24 0.53 0.71 57

aCO2 loading STD: ±0.02 mol CO2/mol amine. bNote: CO2 capture
was carried out at room temperature and 90 mL CO2/min for 75 min,
while CO2 desorption at a constant temperature of 80 °C for 75 min
(total time of 150 min/cycle).

Table 3. Evaluated Parameters from the Bicarbonate
Concentration during the Consecutive CO2 Capture-
Desorption Cycles Using 0.1 mol/L DMAPA-6POb

cycle

capture
capacitya

(mol/L)

desorption
capacitya

(mol/L)

cyclic
capacitya

(mol/L)
capture capacity
regeneration (%)

1 0.21 0.11 0.10 48
2 0.20 0.10 0.10 52
3 0.20 0.10 0.10 50
4 0.20 0.10 0.10 49
5 0.20 0.10 0.09 49
6 0.19 0.09 0.10 50

aHCO3
−

concentration STD: ±0.01 mol/L. bNote: CO2 capture was
carried out at room temperature and 90 mL CO2/min for 75 min,
while CO2 desorption was at a constant temperature of 80 °C for 75
min (total time of 150 min/cycle).

Figure 4. 13C NMR spectra of 0.1 mol/L DMAPA-6PO solution
before CO2 capture (unreacted), after CO2 capture (C-75 min), and
after CO2 desorption at 80 °C (D-10 to D-70 min).
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bicarbonate.45 At this point, the bicarbonate species reached a
maximum concentration of 0.21 mol/L. No additional peaks
related to carbonate or carbamate were detected after CO2
capture, as shown in the full spectrum of Figure S2.

During the desorption reaction, the bicarbonate peak
underwent a distinct intensity reduction. Initially, it sharply
decreased from its maximum concentration attained during
CO2 capture to a substantially smaller peak observed after 10
min (D-10 min), indicating rapid decomposition kinetics in
comparison to other periods. This decrease then continued
steadily until it reached an end point after 70 min of
desorption (D-70 min), with a final concentration of 0.11 mol/
L. In this stage, only a minimal reduction in the peak intensity
was observed, indicating the presence of residual undecom-
posed bicarbonate. This finding aligns with the observed 50%
capacity regeneration of bicarbonate, as shown in Table 3.

Interestingly, two peaks at 119.2 and 134.1 ppm were
observed during the 13C NMR analysis for the unreacted
DMAPA-6PO sample. These peaks are associated with the
C�C bond found in the allyl alcohol (C3H5OH), a common
R−OH byproduct produced during the propoxylation of
DMAPA.46 Although its presence could be considered as a
trace due to the low intensity of its C−C double bond signals,
this allyl alcohol marginally contributed to the CO2 capture
and desorption mechanism, as depicted in Figure 4b.

After the CO2 capture reaction (C-75 min), the two signals
of the allylic carbons are closely shifted to approximately 126
ppm. This shift could be attributed to the interaction between
the electron-rich hydroxyl group from the allyl alcohol and the
electron-deficient carbon in the CO2 molecule, thus forming a
protonated base with C3H5O−C�OO− structure.47 Con-
sequently, the strong resonance effect of the new environment
composed of the −O−C�OO− group, shifted the sp2 carbon
resonance from the vinyl group to lower frequencies.48 During
the desorption process, these peak signals gradually returned to

their initial frequencies over the heating time upon reaching
the end point (D-70 min), as observed for bicarbonate. This
shift could be attributed to the breakdown of the −O−C�
OO− group, leading to the gradual release of the captured
CO2.

Similar trends are observed in the pH variations presented in
Figure S3 of Supporting Information. Following CO2 capture,
the pH value gradually declined from its initial level of 11.9,
reaching a minimum of 6.9 after 70 min, which is in
concordance with the bicarbonate generation results shown
in Figure 1b. Throughout the desorption phase, a gradual
reversion to the initial basicity was observed, which was
evidenced by a rise in pH from the minimum of 6.9 to
approximately 9.0. This event was associated with a decrease in
bicarbonate concentration due to thermal decomposition, as
presented in Figures 1b and 4a. However, it is noteworthy that
pH did not fully recover to its initial value of 11.9, indicating
an incomplete regeneration in line with prior discussions. All
these chemical changes represent the fundamental basis for a
recyclable CO2 capture process.

FTIR was used to corroborate the reaction species and
chemical alterations during both capture and desorption
processes. Figure 5 depicts the spectra of DMAPA-6PO for
the unreacted, after CO2 capture (C-75 min), and after
desorption (D-75 min) samples for comparison. Before the
exposure to CO2, the unreacted DMAPA-6PO displayed
characteristic C−N stretching modes at 1078 and 1136 cm−1,
related to symmetric and asymmetric stretch, respectively.49

Notably, the C�C wagging vibration from allyl alcohol was
identified at 935 cm−1,50 corroborating the previous observa-
tions from 13C NMR analysis. Additional contributions
attributed to C−H bending modes were present at 1378 and
1460 cm−1,49 whereas the sharp signal at 2978 cm−1 is related
to the C−H stretching mode.51 The two bands present at 1645

Figure 5. FTIR spectra of 0.1 mol/L DMAPA-6PO solution before CO2 capture (unreacted), after CO2 capture (C-75 min), and after CO2
desorption at 80 °C (D-75 min).
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and 3390 cm−1 are associated with the O−H bending and O−
H stretching modes of the water molecule, respectively.51

Upon analysis after CO2 capture, some distinct changes were
observed in the spectrum of the C-75 min sample. New
vibration bands emerged at 1298 and 1350 cm−1, correspond-
ing to the C−OH bending and symmetric C�OO− stretching
associated with bicarbonate formation,49 respectively. The
additional signal located at 1381 cm−1 could be assigned to the
antisymmetric stretching of the CO3

2− ion,52 as stated in the
literature. Nevertheless, after completing the CO2 capture
reaction, only bicarbonate was observed in the 13C NMR
results. Moreover, under the final pH value of 6.9, the
carbonate species concentration has been reported to be low
(<0.001%).53 Thus, this double degenerate stretching signal
suggests the presence of the −O−C�OO− group formed by
the CO2 interaction with −OH groups in the DMAPA-6PO
solution, as previously discussed in Figure 4b. This scenario
involves not only the hydroxyl groups from the allyl alcohol
byproduct but also the incorporated surface activity by the
6PO groups, contributing to an enhanced CO2 solubilization
that is not represented as bicarbonate formation, as discussed
in Section 3.1. The formation of this −O−C�OO− group can
be referred to as an intrinsic and intermediate trapping
mechanism derived from the built-in surface activity that
increases the dissolved CO2 amount in the aqueous media and
contributes to the total amount of CO2 released but not as
bicarbonate product from the amino group, as evidenced by

the difference between the CO2 loading and the eCO2 loading
from pure bicarbonate solution presented in Figure 2.

Another important observation after CO2 capture (C-75
min) is related to DMAPA-6PO protonation. This chemical
alteration associated with the NH+ band is typically seen
around 1650 cm−1,49 but it overlaps with the water molecule
vibrating mode at 1645 cm−1. Despite this, an evident
transmittance increment of this band with respect to the
unreacted sample was observed, along with a decrement of the
C−N bands at 1078 and 1136 cm−1. As DMAPA-6PO
protonates, the concentration of free C−N bonds is expected
to be reduced, showing a smaller band intensity while the NH+

concentration increases. This effect was reversed at the end of
the desorption process (D-70 min), where both signals
exhibited similar band intensities (C−N slightly higher), in
concordance with the CO2 capture capacity regeneration
results listed in Table 2.

To corroborate this observation, the ratio between the C−N
signal (denoted as A) and NH+ signal containing the OH
contribution (denoted as B) was calculated and is presented in
Figure S4. For the unreacted sample, the initial A/B ratio is
1.39. This value corroborates the high availability of the active
sites for CO2 capture. After completing the capture reaction,
the A/B ratio decreased to 0.45, indicating the decrease in the
free C−N active sites and the increase in NH+ concentration.
Finally, this A/B ratio was calculated to be 0.82 at the end of
CO2 desorption, demonstrating the regeneration capacity of

Figure 6. Proposed mechanism of CO2 capture and desorption reactions using DMAPA-6PO solution.

Energy & Fuels pubs.acs.org/EF Article

https://doi.org/10.1021/acs.energyfuels.4c01208
Energy Fuels XXXX, XXX, XXX−XXX

H

https://pubs.acs.org/doi/suppl/10.1021/acs.energyfuels.4c01208/suppl_file/ef4c01208_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.energyfuels.4c01208?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.energyfuels.4c01208?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.energyfuels.4c01208?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.energyfuels.4c01208?fig=fig6&ref=pdf
pubs.acs.org/EF?ref=pdf
https://doi.org/10.1021/acs.energyfuels.4c01208?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


the C−N active sites by amine deprotonation. Although this
partial regeneration of the free nitrogen sites of DMAPA-6PO
impacts the total amount of the captured CO2 in the
subsequent reaction (reflected in the cyclic capacity variation),
the capture capacity regeneration is maintained around 57%
over consecutive tests, as presented in Figure 3 and Table 2.
The latter result indicates the strong capacity of DMAPA-6PO
to keep capturing and releasing the same CO2 ratio on
constant assessments despite the final loading amount
determined by titration.

A simplified speciation relating CO2 capture and desorption
reactions utilizing DMAPA-6PO solution is illustrated in
Figure 6. During the capture process, the nitrogen sites of the
DMAPA-6PO serve as a proton acceptor reacting with CO2 in
the form of carbonic acid, generating both bicarbonate and
protonated amine species (Figure 6a), as reported in our
previous publication.33 Simultaneously, the −OH groups from
the propoxylated amine (Figure 6b) and the allyl alcohol
(Figure 6c) derived from the incorporated surface activity
attack the electron-deficient carbon within the CO2 molecule,
resulting in the formation of an intermediate base characterized
by the −O−C�OO− group, which improves the solubilization
of CO2 in the aqueous media until an equilibrium state is
reached. In the desorption process, the generated bicarbonate
is partially decomposed to CO2 while the deprotonation of
DMAPA-6PO takes place, as shown in Figure 6d. In addition,
the intermediate base from the propoxylated amine (Figure
6e) and allyl alcohol (Figure 6f) is broken down by the thermal
treatment releasing the captured CO2.

The built-in surface activity was demonstrated to be an
important component during the CO2 capture and desorption
steps. As mentioned before, it contributes to the enhanced
dissolution of CO2 as an additional trapping mechanism, which
is then reflected in the higher CO2 desorption amount. To
corroborate this effect, we conducted a comparative analysis
between DMAPA-6PO and ethylenediaminetetraacetic acid
tetrasodium salt (EDTA-4Na), another industrially used
solvent with two tertiary amino groups but without surface
activity. The results demonstrated a 30% higher CO2 loading
amount and 46% higher capture capacity regeneration using
the amine with a built-in surface activity, as shown in Figure
S5. The superior performance of DMAPA-6PO highlights the
suitable characteristics for an enhanced CO2 capture capacity.

3.3. Desorption Performance at Different Temper-
atures. Optimizing the temperature for the desorption process
while generating bicarbonate is crucial for balancing reaction
kinetics and energy consumption. Therefore, we examined the
effects of different temperatures on the desorption perform-
ance of DMAPA-6PO, in terms of desorption rate and
bicarbonate concentration. We compared our previous CO2
desorption reaction carried out at 80 °C (presented in Section
3.1) with new experiments conducted at 70 and 90 °C. This
selection was deliberately focused on temperatures that were
sufficiently high for desorption but remained below the boiling
point of the solvent to prevent excessive water evaporation and
unnecessary energy loss.

Figure 7a depicts the CO2 loading profile of DMAPA-6PO
during desorption for all the temperatures. The time required
to reach an equilibrium state was extended as the desorption
temperature decreased. For instance, the equilibration time at
70 °C was prolonged up to 90 min, which is 10 and 20 min
longer than the time at 80 and 90 °C, respectively. The average
CO2 loading at this equilibrium state was around 0.53 mol
CO2/mol amine in all cases. However, a slightly better
desorption performance was observed at 90 °C with the lowest
CO2 loading of 0.52 mol CO2/mol amine, compared with 0.53
and 0.54 mol CO2/mol amine for 80 and 70 °C, respectively.

Another observation is the rapid CO2 desorption step
observed in the initial 10 min for all temperatures. From the
starting point, the CO2 loading decreased considerably to the
total amount desorbed. For the process carried out at 70 °C, a
decrease of 32% was calculated within 10 min of reaction,
while 42 and 53% were obtained at 80 and 90 °C, respectively.
Despite identifying this initial period as a determining step in
the desorption mechanism, it is clear that increasing the
desorption temperature accelerated the reaction kinetics.
Figure 7b shows the impact of temperature on the calculated
initial desorption rate within the initial 10 min of reaction. The
straight-line correlation is shown in Figure S6. An increase in
temperature from 70 to 90 °C increased the desorption rate
from 3.12 mmol CO2/min·L to 4.49 mmol CO2/min·L,
indicating a clear dependence of the desorption kinetics on the
desorption temperature.

Likewise, the bicarbonate concentrations after 75 min of
heating at 70, 80, and 90 °C are depicted in Figure 8. As can be
seen, the bicarbonate concentration reached the lowest value
of 0.11 mol/L when the desorption was carried out at 80 and

Figure 7. (a) Desorption profile of 0.1 mol/L DMAPA-6PO at 70, 80, and 90 °C. The CO2 loading values are within a standard deviation of ±0.02
mol CO2/mol amine; (b) calculated desorption rate within the initial 10 min of reaction at given temperatures. CO2 capture was carried out at
room temperature and 90 mL CO2/min for 75 min, up to a CO2 loading of 1.29 mol CO2/mol amine.
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90 °C. However, at the lowest temperature of 70 °C, the
bicarbonate concentration was slightly higher (0.12 mol),
which was 12% higher than that obtained at higher
temperatures. This result is in concordance with that observed
in Figure 7 and confirms a slower bicarbonate decomposition
at lower temperatures.

Additionally, the CO2 cyclic capacity at 75 min varied
accordingly, as shown in Figure S7. At low temperature, the
cyclic capacity was reduced due to the small amount of CO2
released. The CO2 cyclic capacity at 70 °C was determined to
be 0.69 mol CO2/mol amine, which increased around 7−8% at
80 °C. Interestingly, this cyclic capacity further increased by
only 2% with the desorption reaction at 90 °C. Therefore, 80
°C was found to be the optimal temperature to perform the
CO2 desorption reaction from the DMAPA-6PO solution. The
subsequent desorption experiments in Section 3.4 were
conducted at a controlled temperature of 80 °C.
3.4. Comparison with Different Capture Solutions. To

investigate the overall CO2 capture-desorption performance of
DMAPA-6PO relative to established commercial amine
capture solutions, we conducted a comparative analysis using
3-(dimethylamino)propylamine (DMAPA) and monoethanol-
amine (MEA) as benchmarks. DMAPA was chosen as the base
amine compound for the synthesis of DMAPA-6PO, while

MEA was selected due to its widespread usage and well-
documented characteristics within CO2 capture applications.38

Figure 9a compares the CO2 desorption profiles of the three
capture solvents. The CO2 capture reaction was carried out as
described previously. The desorption reaction was performed
at 80 °C until a constant CO2 loading capacity was reached. As
can be seen, DMAPA-6PO and DMAPA exhibited rapid
desorption reactions compared to MEA. Moreover, both
diamines reached a constant CO2 loading amount after 70 min
of heating, which was considerably shorter than the 100 min
required for MEA. This observation suggests slower desorption
kinetics for MEA, resulting in an extended stripping time
compared to DMAPA-6PO and DMAPA. In this regard, the
desorption rate from the straight portion of the curve was
calculated and is illustrated in Figure 9b. All linear fittings are
presented in Figure S8. For DMAPA-6PO, the calculated
desorption rate was 3.77 mmol CO2/min L, significantly
higher than that determined for DMAPA (0.97 mmol CO2/
min L) and MEA (0.45 mmol CO2/min L). In terms of
kinetics, it is clear that DMAPA-6PO outperforms the
commercial solutions used.

To obtain more insightful information about the differences
in the CO2 release processes of these three capture solvents,
the heat duty was calculated based on their desorption rates
(Figure 9b). As expected, the lowest energy value was obtained
for DMAPA-6PO (1.09 kJ/mmol CO2), followed by DMAPA
(4.37 kJ/mmol CO2) and MEA (9.16 kJ/mmol CO2).
Consistently, the order in heat duty was opposite to that in
the desorption rate; that is, the surface-active tertiary amine
demonstrated outstanding desorption capabilities for the
regeneration and release of the captured CO2. In particular,
DMAPA-6PO required 75% less heat than DMAPA and 88%
less heat than MEA.

The faster desorption and lower heat duty of DMAPA-6PO
than those of DMAPA and MEA are attributed not only to the
effects of its built-in surface activity, as previously described in
Sections 3.1 and 3.2, but also to the differences in their
chemical characteristics in the CO2 capture reaction. The
surface activity in DMAPA-6PO leads to enhanced solubiliza-
tion of CO2 in aqueous amine solution and the generation of
bicarbonate instead of the carbamates formed in MEA and
DMAPA.33 From an energy perspective, it requires less heat to
release CO2 from bicarbonate decomposition, which has a
lower heat of formation compared to breaking the more stable
C−N bond of carbamate, leading to higher energy

Figure 8. Bicarbonate concentration after 75 min of desorption at 70,
80, and 90 °C utilizing 0.1 mol/L DMAPA-6PO.

Figure 9. (a) CO2 desorption profiles of 0.1 mol/L DMAPA-6PO, DMAPA, and MEA carried out at 80 °C for 100 min; (b) relationship between
the calculated desorption rate and heat duty at 80 °C.
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consumption for CO2 liberation.20 This distinction is
particularly pronounced in MEA, which primarily generates
carbamate, resulting in higher heat of reaction and vapor-
ization, consequently requiring a larger heat duty.54

Since the three amines possess differences in the type and
number of the amino groups, it is crucial to integrate these
intrinsic properties of each capture solution in a standardized
comparison. Therefore, Figure 10 depicts the normalized CO2

loading capacity for the three solvents across three cycles of
CO2 capture and desorption, showcasing their overall capture-
desorption performance. It can be seen that DMAPA-6PO and
DMAPA maintained a relatively constant CO2 cyclic capacity,
with minimum variations during the three consecutive cycles.
DMAPA-6PO showed an average capture capacity regener-
ation of 57%, which is greater than that of DMAPA, 55%. This
higher performance is related to the low CO2 loading capacity
at the end of the desorption process in each cycle, for which
the amount of CO2 desorbed was 7% greater than that by
DMAPA. This difference can be attributed to the higher
bicarbonate generation of DMAPA-6PO in comparison to
DMAPA, as confirmed in our previous work,33 and to the
solubilized CO2 observed in Figure 2, which contributes to the
total amount of CO2 released.

In contrast, a decreasing performance was observed for the
MEA case where its initial capture capacity regeneration, 43%,
was reduced to 40% at the end of the third cycle. The capture
capacity regeneration of DMAPA-6PO was 30% greater than
that of MEA. For the capture process, the initial CO2 loading
capacity was reduced by 3% at the second cycle and 5% at the
third cycle. This result is associated with the reduction in CO2
loading capacity due to solvent degradation after the heating
process of each cycle, aligning with previously reported
findings.55 Table 4 provides an overview of the cyclic capture
capacities and regeneration efficiencies over the three cycles.

In terms of CO2 mass, a larger amount of CO2 was captured
by DMAPA-6PO than by MEA because the additional amino
group led to a CO2 loading capacity of 1.29 mol CO2/mol
amine, as shown in Table S1. However, during desorption,
DMAPA-6PO also released a larger amount of CO2 than MEA,
as evidenced by its higher CO2 cyclic capacity. In other words,
DMAPA-6PO is capturing and releasing a larger amount of
CO2 with less heat than MEA, the most utilized amine-based
capture solution. An overall perspective is summarized in
Figure 11, which shows the high performance of DMAPA-6PO
considering its CO2 cyclic capacity and low heat requirement.

This evaluation demonstrates the potential advantages of
developing a surface-active amine as a CO2 capture solvent
over conventional amine-based capture solutions. These
advantages are mainly based on the optimized reaction
pathway during CO2 capture, which not only increases the

Figure 10. Normalized CO2 loading capacity over three consecutive
CO2 capture-desorption cycles performed by 0.1 mol/L DMAPA-
6PO, DMAPA, and MEA. CO2 capture was carried out at room
temperature and 90 mL CO2/min for 75 min, while CO2 desorption
was carried at a constant temperature of 80 °C for 75 min (total time
of 150 min/cycle).

Table 4. Cyclic Capacities and the Regeneration Efficiencies of 0.1 mol/L MEA, DMAPA, and DMAPA-6PO Solutions over
Three Cycles of CO2 Capture and Desorption

b

MEA DMAPA DMAPA-6PO

cycle
cyclic capacitya (mol

CO2/mol amine)
capture capacity
regeneration (%)

cyclic capacitya (mol
CO2/mol amine)

capture capacity
regeneration (%)

cyclic capacitya (mol
CO2/mol amine)

capture capacity
regeneration (%)

1 0.29 43 0.63 55 0.73 57
2 0.28 42 0.63 55 0.74 57
3 0.25 39 0.63 55 0.74 57

aCO2 loading STD: ±0.02 mol CO2/mol amine. bNote: CO2 capture was carried out at room temperature and 90 mL CO2/min for 75 min, while
CO2 desorption at a constant temperature of 80 °C for 75 min (total time of 150 min/cycle).

Figure 11. Summarized comparison between DMAPA-6PO,
DMAPA, and MEA on their CO2 cyclic capacity and heat duty
performance during CO2 capture-desorption reaction.
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carbon content in the aqueous solution through enhanced
bicarbonate concentration and solubilized CO2, but also
improves CO2 release performance in the conventional heat
stripping process. Nevertheless, it is important to note that this
study, conducted under controlled conditions, presents
opportunities for future research to further optimize the
performance of DMAPA-6PO as a CO2 capture solvent.
Further investigations could explore higher concentrations or
industrial flue gas compositions with contaminants like NOx
and SOx, which are known to affect and accelerate
degradation.14,56 Additionally, assessing the stability and
efficiency of the amine solvent under elevated pressure
conditions, as well as the effect of continuous cyclic use on
the active nitrogen sites, is pertinent for industrial upscale
applications.

4. CONCLUSIONS
We investigated the CO2 capture-desorption performance of
DMAPA-6PO as a promising solvent for capturing CO2 as
bicarbonate. The experimental results confirmed the remark-
able cyclic capacity and stability of DMAPA-6PO during
consecutive capture−desorption cycles, exhibiting only a
reduction of 4% in capture capacity observed after 900 min
of testing. This performance was also evidenced in the
bicarbonate generation capacity, with a drop of 8% at the
end of the evaluation. The CO2 capture capacity regeneration
of DMAPA-6PO was 30% greater than that of MEA under low
desorption temperature (80 °C). In addition, DMAPA-6PO
demonstrated a notably high rate of desorption, resulting in a
reduction of 88% in the required heat duty in comparison to
MEA. This enhanced efficiency is attributed to the bicarbonate
generation from CO2 capture derived from the built-in surface
activity of DMAPA-6PO, which improves the CO2 solubiliza-
tion in aqueous media and facilitates the CO2 release process
from the heating process. Based on these results, the
development and utilization of surface-active amines are
promising strategies when considering their application in
the CO2-capture-as-bicarbonate pathway and the conventional
stripping process for releasing captured CO2.
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