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2-Amino-2-methyl-1-propanol (AMP) is often used as a moderator to enhance the CO, capture capacity of

absorbents due to its unique spatial site resistance structure, and relatively few studies have been

conducted on the enhancement of AMP aqueous solutions by nanoparticles for CO, capture. In order to

investigate the effect of nanoparticles on the CO, capture performance of AMP aqueous solution,

different nanofluids were formulated in this paper using a two-step method, and a bubbling reactor and

an oil bath were used as the experimental setup for absorption/desorption, and through comparative

experiments, it was found that the type of nanoparticles, the solid content, and the different parameters

have great influences on the CO, absorption load and desorption rate. The experimental results show

that the addition of TiO, nanoparticles to the AMP base solution can accelerate the absorption—
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desorption mass transfer rate of CO,, and there exists an optimal solid content of 1 g L™ (+:1.0%, £2.5%);

after multiple absorption—desorption experiments, good cycling performance can still be achieved. The

DOI: 10.1039/d3ra06767j

rsc.li/rsc-advances analyzed in this paper.

1 Introduction

CO, has become the most major greenhouse gas with the
amount of CO, in the atmosphere increasing by about 25%
since the industrial revolution.' In particular, the burning of
fossil fuels such as oil and coal in industrial production accu-
mulates large quantities of CO, and other gases, and these
greenhouse gases not only cause a series of ecological and
environmental problems, but also result in huge economic
losses. Nowadays, scientific and technological developments
have made it possible to capture, utilize and store CO, from
industrial exhaust gases or directly from the air.»* Mono-
ethanolamine (MEA) is usually the most widely used chemical
absorbent for industrial applications, but its regeneration
energy consumption is as high as 3.2-4.0 GJ ton~'CO,, and such
a high renewable energy consumption increases the cost of CO,
capture, so there are obvious limitations for large-scale
commercial applications.>* Space-site-resistant amines are
often used as modulators and are characterized by bulky groups
adjacent to the amino group. Due to the influence of space-site
resistance, they are prone to form unstable carbamates when
reacting with CO, and decompose easily in carbonates,” and
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experimental results of the nanofluid-promoted mass transfer mechanism are also illustrated and

currently widely studied is 2-amino-2-methyl-1-propanol (AMP).
Wai et al.® showed that AMP aqueous solutions have a high
capacity for CO, absorption, good thermal stability, and the
existence of the site resistance effect makes AMP highly
degradable and have low regeneration energy. Han et al’
compared the CO, absorption capacity of AMP with MEA and
found that the absorption rate of AMP was slightly lower than
MEA. In addition, many studies have been reported on the
physicochemical and thermodynamic properties of AMP such
as corrosion rate, density, viscosity and regeneration perfor-
mance in mixed amine solvents.®®

Recently, research on the use of nanofluids to enhance mass
transfer and reduce energy consumption has been actively
underway. According to previous studies, it has been found that
nanoparticles have a high specific surface area, and when small
amounts are introduced into the base solution of organic amine
absorbents by physical or chemical methods,'>** absorbents are
acquired with enhanced CO, absorption performance and other
advantages (e.g., improved solvent stability and reduced solvent
vapor pressure, etc.)."> Meanwhile, nanoparticles can reduce the
mass transfer resistance of gas-liquid two-phase and accelerate
the mass transfer rate, thereby reducing energy consump-
tion.”*" TiO, is a nanoparticle with high CO, adsorption
capacity, which was found to be due to the presence of oxygen
vacancies in TiO, nanoparticles, which introduce additional
adsorption sites.”®*” Fang et al* researched the effect of
nanoparticles on CO, absorption in ammonia and found that

© 2023 The Author(s). Published by the Royal Society of Chemistry


http://crossmark.crossref.org/dialog/?doi=10.1039/d3ra06767j&domain=pdf&date_stamp=2023-11-16
http://orcid.org/0000-0001-8961-8867
http://orcid.org/0009-0002-9274-3954
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra06767j
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA013048

Open Access Article. Published on 16 November 2023. Downloaded on 6/19/2026 11:16:20 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

TiO, nanoparticles can enhance the gas-liquid mass transfer
process of chemical reactions. Kim et al* conducted CO,
absorption experiments through utilizing SiO, nanoparticles in
a bubbling absorber of a water-based nanofluid. It was
demonstrated that the addition of nanoparticles increased the
total absorption rate by 24%. Lee et al'® and Ma et al"
employed Al,O;, carbon nanotubes (CNTs) and other nano-
particles to study the CO, absorption process in NH3/H,O
solution. Moreover, Kim et al.*® measured the vapor absorption
rate of a falling film type H,O/LiBr for CO, absorption process
employing SiO, nanoparticles and reported a maximum
enhancement of mass transfer rate up to 18%. While there are
many studies on enhanced CO, absorption,* considering the
advantages of AMP in solvent utilization, further studies on the
unique and superior properties of nanofluids when AMP is used
as a base fluid, which have not yet been reported, are needed for
further development of AMP absorption systems. In this work,
AMP-based nanofluids were utilized to control the CO,
capturing performance in order to enhance the absorption and
desorption rate, as well as to improve its recycling performance.

Herein, we have systematically investigated the effects of
type, concentration and different parameters of nanofluid on
the absorption-desorption of CO, based on 2-amino-2-methyl-
1-propanol (AMP), and proposed the mechanism of the
enhanced CO, absorption and regeneration performance of
AMP-based nanofluid. The experimental results provide a theo-
retical basis for the development of new hybrid absorbents with
high absorption capacity, fast absorption rate and good
desorption performance.

2 Experiment
2.1 Experimental materials and instruments

Herein, the following reagents were used: 2-amino-2-methyl-1-
propanol (AMP), Shanghai McLean Biochemical Science and
Technology Co. Ltd; CO, gas with a purity (v/v) of 99.99%,
Shaanxi Chang’ an Gas Co. Ltd; TiO, (anatase, 99.7%, 15 nm),
Al,O; (o-phase, 99.6%,10-15 nm), SiO, (99.6%, 15 nm),
Shanghai McLean Biochemical Science and Technology Co. Ltd;
deionized water. The instruments used in this study are gas
mass flow meter, electronic balance, ultrasonic crusher, water
bath, oil bath, CO, gas analyzer, soap film flow meter.

During the experiments, the amount of CO, and the pressure
inside the reactor were recorded continuously. Pressure
measurements were performed using an Omega pressure
sensor with an accuracy of +£1.0% and a temperature sensor
with an accuracy of +2.7 K (at 100 °C). And the uncertainty of
CO, absorption was evaluated and determined to be +2.1% for
the pure solvent and +1.0% for the nanofluidic absorbents. The
uncertainty was £2.0% for pure solvent desorption and +2.5%
for nanofluid determination.

2.2 Preparation of nanofluids

The different nanofluids were prepared by a two-step method
before the experiment. Firstly, 15 wt% AMP aqueous solution
was configured in advance as the absorbent base solution, then
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a certain amount (0.2/0.5/1.0/1.5/2.0 g L~ ') of nanoparticles was
added to the base solution, followed by magnetic stirring for
30 min. Afterwards, the nanoparticles were dispersed by
continuous cycling in an ultrasonic cleaner. In this study,
different types of nanoparticles were used, including: TiO,,
Al,O; and SiO,. In order to avoid a rapid increase in the
temperature of the solution, the experiment was carried out by
intermittent vibration, with two seconds of vibration followed
by two seconds of interval, and the effective vibration time was
60 min.

2.3 Experimental setup and procedure

The experimental system for nanoparticle-enhanced AMP
solution absorption and desorption of CO, is shown in Fig. 1.
The absorption process takes place in a bubbling reactor, where
the gas output from the CO, cylinder is controlled and main-
tained at a certain pressure and mass flow rate via a gas mass
flow meter. Pour 100 g of the pre-prepared nanofluid into the
reactor, the water bath was heated to 40 °C ahead of time, and
pure CO, gas with purity >> 99% was supplied to the bottom of
the bubble absorber (3) at a given flow rate, and the counter-
current flow was directed to the liquid absorbent supplied to
the top of the absorber to produce absorption, and the CO,
absorption was determined by the measurements of the mass of
the solution at intervals of 10 min (g CO, per 100 g of the
solution).

The desorption experiments were conducted in a three-
necked flask with the rotor inserted and the flask corked
tightly. The temperature of the oil bath was set to 120 °C in
advance, and the three-necked flask was placed in it with
magnetic stirring turned on, noting that the start of stirring was
recorded as the reaction 0 moment. The temperature of the
absorbent is increased by the heat exchange, which reduces the
solubility of CO, and separates CO, from the absorbent.
Impurities are similarly removed through the condenser tube so
that only pure CO, is measured. The desorbed CO, was dried in
a drying flask and entered into a soap film flowmeter, where the
rate of desorption CO, (mL min ') at that moment was recor-
ded. Measured flow rates were always corrected for the vapor
pressure of water as a function of temperature. The initial
solution volume is 100 mL, assuming that the solution volume
does not change during the entire reaction.

2.4 Data analysis

In the absorption experiments, the CO, loading in the liquid
phase (o, mol CO, per mol amine) was used to express the CO,
absorption performance as shown in eqn (1). In these tests, in
order to investigate the CO, desorption performance of the
nanofluids, the desorption efficiency x is the ratio of the amount
of substance of CO, desorbed to the amount of substance of
CO, absorbed in total by the enriched fluid as shown in eqn (2).

It should be noted that the enhancement factor is usually
defined as the ratio of the mass transfer coefficient of the
nanofluid to the pure solution, and is used to evaluate the mass
transfer enhancement of nanoparticles. In this work, the total
CO, uptake (mol CO, per mol amine) was used to evaluate the

RSC Adv, 2023, 13, 33644-33653 | 33645
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Fig. 1

(A) Bubble absorption reaction device: 1-mass flow meter; 2-tee valve; 3-bubble absorption tube; 4-water bath; 5-condensation tube; 6-

drying tube (glass tube with color-changing silica gel); 7-CO, gas analyzer. (B) Desorption reaction device: 1-oil bath; 2-three-neck flask; 3-
snake condenser tube; 4-laboratory thermometer; 5-drying flask (glass bottle with concentrated sulfuric acid); 6-soap film flow meter.

absorption performance of the absorbent. The enhancement
factor is defined here as the ratio of the total amount of CO,
absorbed/desorbed by the nanofluid to the pure AMP base fluid,
denoted by E,p,s and Eq.s, respectively, as shown in eqn (3) and
(4), so that the effect of the nanoparticles on CO, absorption/
desorption can be investigated. All experiments were repeated
three times to avoid uncertainty in the experimental results.

_ Mo, (1)
mO/Mo

= Ndes(CO,) (2)
Nabs(CO,)

Eabs _ NcO, —nanofluid (3)

NCO,—pure solution

Edes _ X(Co, —nanofluid) (4)
X0(CO,—pure solution)

where m, mo, Mcoz, Mo, Naes(co,), and Naps(co,) are defined as the
mass of CO, absorbed (g), the mass of amine in solution when
no CO, is absorbed (g), the molar mass of CO, (g mol '), the
molar mass of amine (g mol '), the amount of CO, desorbed
in mol, and the amount of CO, absorbed in total by the enriched
solution in mol, respectively.

3 Results and discussion
3.1 Absorption performance

3.1.1 Effect of nanofluid type. As can be seen from Fig. 2A,
when the molar concentration of the AMP base solution is
certain, the CO, absorption rate of several nanofluids is greater
than that of the pure solution during the first 40 min of
absorption. There is a gradual decrease in the rate of CO,

33646 | RSC Adv, 2023, 13, 33644-33653

uptake for each absorber as the reaction proceeds, due to the
fact that the solution is saturated at this point.

The real-time absorption loading of all three nanofluids was
also greater than that of the pure AMP solution at the initial
stage (i.e., within 10-40 min) (Fig. 2B), suggesting that the
addition of nanoparticles can enhance the absorption loading
of CO,. Furthermore, the total CO, absorption of TiO,-AMP
nanofluid increased by 4.32% and Al,0;-AMP nanofluid
increased by 3.71% than the pure AMP solution during 0-
120 min, whereas the total CO, absorption of SiO,-AMP nano-
fluid increased by only 1.39% than the pure AMP solution. This
may be due to the fact that TiO, nanoparticles contain more
oxygen vacancies and can adsorb more CO, molecules. Since
the absorption of CO, is nearly saturated in the solution after
120 min, the absorption process only lasted for 120 min in the
following tests.

3.1.2 Effect of nanoparticle solid content. In order to
investigate the effects of different types of nanoparticles with
different solid contents on CO, absorption mass transfer
enhancement, three types of nanoparticles of the same size (15
nm) were used in this study. It was found that the CO,
absorption enhancement factor of the nanofluids increased
when the solid content of the nanoparticles was increased from
0.2 g L' to 1.0 g L. However, after the solid content of
nanoparticles reached 1 g L%, the absorption enhancement
factor gradually decreased (Fig. 3). As can also be seen from the
figure, the absorption enhancement factor of TiO,-AMP nano-
fluid is better than other two nanofluids. The similar
phenomenon was also reported by Turanov.”” In other words,
the optimum solid content of nanoparticles enhances the CO,
absorption loading. Kesshishian et al**** also reported the
presence of optimum solid content. As solid content increases,
the number of nanoparticles in the mass transfer film increases,

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 Enhancement ratio of CO, absorption for different types of
absorbents with different solid contents.

resulting in enhanced Brownian motion and increased mass
transfer rate. However, when the solid content exceeds a certain
value, the area of the gas-liquid interface is limited,* which
may also increase particle agglomeration and precipitation,
thereby hindering the mass transfer and leading to lower
absorption loading.

3.1.3 Effect of gas flow rate. Gas volume flow rate was also
found to significantly affect CO, absorption.”® Herein, we
investigate the effect of gas-liquid flow rate on CO, absorption
loading by varying the CO, volumetric flow rate in TiO,-AMP
nanofluid (0.06/0.12/0.24/0.36 L min '). The results showed
that the CO, absorption rate increased with increasing CO,
volume flow rate (Fig. 4A), which was attributed to the fact that
the number of bubbles entering the liquid phase and the
bubble rise rate increased per unit time with increasing gas flow
rate, and thus the turbulence around the bubbles was
enhanced, leading to enhanced mass transfer based on the
boundary mixing effect, and ultimately leading to a larger

© 2023 The Author(s). Published by the Royal Society of Chemistry
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(A) CO, absorption rate of different absorbents; (B) CO, absorption loading of different absorbents.

change in the CO, absorption rate. In addition, it was also
found that when the volume flow rate of CO, was 0.36 L min*,
the gas flow rate was too fast, the gas-liquid contact time was
shorter, and the reaction could not be carried out sufficiently,
leading to an insignificant change in the absorption rate.

Moreover, different CO, volume fraction of 6%, 10% and
12% (Fig. 4B) was chosen to investigate the effect of initial CO,
volume fractions on the absorption performance (Fig. 4B), and
the variation of CO, absorption enhancement factor of TiO,-
AMP nanofluid with nanoparticle solid content was investigated
as well. The enhancement factor was found to increase with the
increase in initial CO, volume fraction when the optimum solid
content was reached. According to Henry's law, it is known that
as the initial CO, volume fraction (CO, partial pressure)
increases, it will cause the CO, equilibrium concentration to
increase, leading to an increase in the depth of CO, diffusion
into the liquid phase, i.e., the mass transfer depth.**® In this
case, more nanoparticles will enter the mass transfer boundary
layer, which increases turbulence and promotes the mixing of
nanofluids with different concentrations of CO,.

3.1.4 Variation of solubility with temperature. There are
also differences in CO, solubility at different temperatures, as
shown in Fig. 5. It was possible to achieve high CO, loading in
TiO,-AMP nanofluids at 0.3-0.45 mol CO, per mol even at
relatively low partial pressure of CO, (10-20 kPa). At a high
temperature of 70-80 °C, the solubility of CO, decreased
significantly. When the partial pressure of CO, was 10-100 kPa,
nevertheless, the solubility of CO, in the nanofluid was very low
at 80 °C, which was 0.01-0.05 mol CO, per mol.

3.1.5 Absorption cycle stability of TiO,-AMP nanofluids.
The cycling performance of an absorbent is an important
judgement criterion to determine whether an absorbent can be
used for industrial production. Fig. 6A shows the absorption
loading of the absorbent in each cycle with pure AMP solution
and 1 g L™ ! TiO,-AMP nanofluid as experimental objects. From
the experimental results, it can be seen that the CO, absorption

RSC Adv, 2023, 13, 33644-33653 | 33647
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loading of the TiO,-AMP nanofluid absorbent can still reach
0.6 mol CO, per mol amine after five cycles, which indicates that
the TiO,-AMP nanofluid has an excellent cycling performance.
The CO, absorption loading of the nanofluid decreased by
33.33% after the 5th cycle, which is comparable to the 3rd cycle
of the pure solution (Fig. 6B). This demonstrated that the
incorporation of nanoparticles could improve the cycling
performance of the absorbent.

3.2 Desorption performance

3.2.1 Effect of nanofluid type. Fig. 7A represents the effect
of different nanofluids on CO, desorption rate in the same time
range. Compared with the pure AMP solution, the CO,
desorption rate of nanofluids was much higher than the pure
solution from 0 to 15 min. The TiO,-AMP nanofluid has the
largest rate of CO, desorption than Al,0;-AMP and SiO,-AMP
nanofluid, owing to the fact that there are more oxygen vacan-
cies in TiO,, which can adsorb more CO,, and therefore more

33648 | RSC Adv, 2023, 13, 33644-33653
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CO, is desorbed. And at the end of the desorption process, the
desorption rate can be seen to change little over time. This is
because as time goes by, the CO, concentration inside the
absorbent becomes very low and the effect of nanoparticles on
the desorption performance decreases. The solid content of
nanoparticles has a great influence on the rate of CO, desorp-
tion from the absorbent-rich liquid, as seen in Fig. 7B, the
desorption rate reaches the highest at the optimal solid content
oflg L . Fewer nanoparticles result in less CO, absorption and
desorption, and more nanoparticles may hinder the mass
transfer. As the experimental results showed that TiO, nano-
particles were more effective in enhancing CO, desorption and
the optimum solid content was 1 g L™ " (£1.0%, £2.5%).

3.2.2 Effect of desorption temperature. As well as temper-
ature is an important factor to influence the desorption effi-
ciency. In this paper, the CO, desorption efficiency and
generation cycle were investigated at different temperatures.
The results in Fig. 8 clearly display that the desorption efficiency
is extremely sensitive to the change of desorption temperature,
whether pure AMP solution or nanofluid, and the desorption
efficiency increases with the increase of desorption tempera-
ture. When the desorption temperature was increased from 80 °©
C to 120 °C, the desorption efficiency of the pure AMP solution
increased from 86.2% to 98.3%, while the desorption efficiency
of the nanofluid increased from 86% to 99%. Along with the
gradual increase of temperature (especially 100 °C-120 °C), the
increase of desorption efficiency becomes smaller, and the CO,
generation cycle is shortened. The energy consumption of
solvent desorption is also an important parameter,*' and it was
demonstrated by experimental results that TiO,-AMP nanofluid
can have a well desorption efficiency at a low energy
consumption, where the desorption temperature is 120 °C, the
desorption efficiency is high and the desorption time is short-
ened by 12.5%.

3.2.3 Absorption-desorption cyclic stability of different
nanofluids. To evaluate the performance of the absorbents, the

© 2023 The Author(s). Published by the Royal Society of Chemistry
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absorption-desorption cycling experiments were repeated three
times for each absorbent. From the above, a higher absorption
cycling loading was found for TiO,-AMP nanofluid than the
others, and its cycling desorption performance was also
revealed to be superior to the other nanofluids through further
desorption experiments. Upon three cycles, the TiO,-AMP
nanofluid desorption enhancement ratio reached 9.3% (Fig. 9).
As a result, it was proved that the TiO,-AMP nanofluid behaved
well in CO, desorption likewise. Table 1 reveals a comparison of
the enhancement of CO, desorption rate by nanofluids***® with
the present experiments.

3.3 Absorption/desorption enhancement mechanisms of
nanofluid absorbent

Currently, a large number of studies have discussed the mech-
anisms of nanoparticle-enhanced CO, absorption/desorption in

RSC Adv, 2023, 13, 33644-33653 | 33649
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alcoholic amine solutions, but these mechanisms often only
explain part of the experimental phenomena,'>" few desorp-
tion experiments have been carried out.*>** In this paper, the
effect of nanoparticles on the absorption/desorption of CO,
from AMP aqueous solutions is investigated, and the
enhancement mechanism is discussed in depth using TiO,-
AMP nanofluids as an example (Fig. 10).

Firstly, the agitation of the nanofluid and the movement of
the nanoparticles make the bubbles constantly collide, leading
to the rupture and deformation of the CO, bubbles dispersed in
the nanofluid, so that a larger contact area is caused, thus
enhancing the absorption performance.'*” On the other hand,
TiO, is a nanoparticle with high CO, adsorption capacity, Liu*”
et al. also modulated the preferential CO, adsorption sites on
the material surface by interfacial effects and found that CO,
adsorption on TiO, surfaces with point defects (oxygen vacan-
cies) was significantly changed. TiO, nanoparticles move
randomly with adsorbed CO, in the base solution, ie., the
particles transport additional CO, across the gas-liquid inter-
face via adsorption and desorption.”®** The presence of oxygen
vacancies introduces additional adsorption sites due to the
impregnation of TiO, nanoparticles in the AMP base solution,
and together with the spatial site-blocking effect, the stability of
the system is effectively controlled,®**° which improves the
performance of the absorbent. In terms of Al,03/SiO,-AMP
nanofluids, SiO, nanoparticles have fewer defect sites.**** Even

Table 1 Comparison of CO, desorption performance of nanofluids
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though Al,0;/SiO, nanoparticles may hinder the gas-liquid
mass transfer, their enhancement factor is less than 1. As the
solid content increases, the number of nanoparticles and
mutual interference increase, the nanoparticles around the
bubbles prevented the bubbles from agglomerating, leading to
an increase in the gas-liquid mass transfer area. Hence all these
mechanisms do not act individually, but together contribute to
the improvement of the absorption performance.

Further experimental results were also analyzed to determine
which effect had the largest impact on enhancing CO, desorp-
tion. As mentioned earlier, the superior absorption properties of
TiO,-AMP nanofluids have benefited from the presence of oxygen
vacancies, and the CO, adsorption/desorption by oxygen vacan-
cies on the TiO, surface is currently more studied. It has been
reported that the presence of oxygen vacancies increases the
peaks of thermal desorption spectra (TDS) of TiO, surface at 166
K and 200 K.*” The Brownian motion becomes more active with
the increase of temperature, accelerating the desorption process.
Besides, AMP's unique spatial site resistance effect makes the
particles stably and uniformly distributed in the base liquid,
which effectively prevents the flocculation and agglomeration of
TiO, nanoparticles. Meanwhile, TiO, nanoparticles have high
thermal stability, and the presence of the nanoparticles also
leads to a rapid increase in the temperature of the absorbent,
which allows CO, to be desorbed quickly. Numerous studies have
confirmed the enhanced heat transfer in nanofluids.** As for the
existence of Al,O; nanoparticles, the desorption performance is
reduced compared to TiO,-AMP nanofluid, because of the high
surface potential of the Al,O; nanoparticles as pH varies, which
also means that the desorption temperature must be applied at
a much higher temperature than the traditional conditions,*® so
that CO, gas can be desorbed from the Al,O; nanoparticles.
Nevertheless, this effect does not exist in the case of semi-
conductor oxides (SiO,).**

In general, AMP are often used as absorption enhancers and
viscosity modifiers, and nanofluids are employed to capture
CO, for lower energy consumption. In this study, it was found
that the performance of nanofluids in both absorption and
desorption was improved compared the pure solution. General
improvement in the efficiency of the absorption-desorption
system was achieved through the use of nanofluids, and it is
expected that the mixed amine CO, capture system will be
incorporated with the nanofluids mentioned in this paper to
achieve a favorable absorption-desorption performance of the

Authors Nanoparticle Solvent Conclusion
Wang et al.** AlLO3 (0.1 Wt%) MEA/MDEA/PZ Enhancement performance is: PZ > MEA > MDEA
Si0, (0.1 wt%)
Lee et al.*® Al,O3 (0.01 vol%) DI water Maximum CO, absorption/regeneration
SiO, (0.01 vol%) performance enhancements are 23.5% and 11.8%
Kim et al.*’ AlO3 (0.1 Wt%) Methanol Enhanced up to 26% at 0.01 vol% compared with pure methanol
Present experiments Tio, (1 g L™ AMP Enhancement performance is: TiO, > SiO, > Al,0;

ALO; (1gL ™Y
Sio, (1gL™)
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CO, cycle. Considering the comprehensive application of the
actual system, future research should be based on the actual
operation and the economic benefits should also be taken into
account in detail in the life cycle cost analysis, which will be
carried out in the next step of this study.

4 Conclusion

In this paper, the effects of different nanoparticles on the CO,
absorption-desorption performance of AMP-based fluids were
investigated. TiO,-AMP nanofluid, Al,0;-AMP nanofluid, and
SiO,-AMP nanofluid were used as absorbents and their CO,
absorption-desorption performances were evaluated, and the
following conclusions were obtained:

(1) At a certain molar concentration of base solution AMP,
the CO, absorption rate of nanofluid were greater than pure
AMP solution for the first 40 min of absorption, which indicated
that nanoparticles could enhance the CO, absorption rate in the
diffusion control phase.

(2) The CO, absorption capacity of TiO, nanoparticles was
found to be better than Al,O; and SiO, nanoparticles, and the
enhancement of absorption was TiO, > Al,O; > SiO, in
descending order. The desorption enhancement factor of TiO,
nanoparticles was also found to be higher than the others, and
the enhancement of desorption was found to be TiO, > SiO, >
Al, O3, and all of them exist with the optimal solid content of 1 g
L (£1.0%, +2.5%).

© 2023 The Author(s). Published by the Royal Society of Chemistry
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(A) Absorption/(B) desorption mechanisms of TiO,-AMP nanofluids and (C) present experiments.

(3) The TiO,-AMP nanofluid desorption enhancement ratio
reached 9.2%, approximating the SiO,-AMP nanofluid
enhancement ratio.

(4) Based on the mechanism of nanofluids to promote mass
transfer, combined with the unique spatial site resistance effect
of AMP, the mechanisms of various nanofluids to enhance the
CO, absorption-desorption performance were discussed.
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