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ABSTRACT: The paper introduced hydrophilic functional groups on
the surface of the MgO desulfurizer to improve its dispersion and
hydrophilicity on the basis of reducing the particle size of the MgO
desulfurizer to the nanometer level. Mechanical grinding technology
was used to improve the traditional two-step method to lay the
foundation for its large-scale production. The stability test showed that
the ζ potential of the 5 wt % modified MgO desulfurizer was greater
than 50 mV with 30 days of storage, and the sedimentation rate was not
more than 7%. The dissolution reactivity and kinetics experiments
showed that the decrease of particle size and the increase of
hydrophilicity and dispersion were conducive to accelerating the
dissolution rate of the MgO desulfurizer and reducing the apparent
activation energy. Meanwhile, the good dissolution rate of the modified
MgO nanofluids prepared by the improved method could reduce the liquid film mass transfer resistance and prolonged the
penetration time.

1. INTRODUCTION
SO2 in the flue gas from coal combustion has become the main
cause of air pollution. Large-scale researches are carried out to
control SO2 emissions, of which flue gas desulfurization
technology is the most commonly used method to reduce SO2
emissions.1−4 The most mature flue gas desulfurization
method is the limestone−gypsum method, but its short-
comings are also prominent. Large investment, high energy
consumption, and easy blockage of equipment restrict its
development space.5,6 Compared with the limestone method,
MgO flue gas desulfurization technology has a higher
desulfurization effect, a lower equipment investment and
operation cost, and is not easy to block, which has been the
focus of research and development in the domain of
desulfurization.7

The removal of SO2 by the MgO desulfurizer is a complex
reaction process of gas, liquid, and solid phases, including the
dissolution of MgO particles and the absorption of SO2.

8 The
dissolution of MgO particles is an important rate-determining
step in the whole process, which has a significant impact on the
whole desulfurization process.9 Promoting MgO particle
dissolution can not only enhance the absorption of SO2 but
can also reduce the residual amount in the byproduct and
improve the quality of MgSO4 byproducts. Currently, the
dissolution of desulfurizers is mainly measured indirectly by
acid titration, which is significantly different from the actual
desulfurization process and cannot reflect the gas−liquid−solid
three-phase reaction process.10−12 There were few studies to

explore the dissolution characteristics of MgO particles directly
in the actual desulfurization process.13,14

Many scholars tried to study the influence of particle size
and particle size distribution on flue gas desulfurization, and it
was found that the dissolution rate of the solid desulfurizer
decreased with the increase of particle size.15 In recent years,
with the development of nanotechnology, measures had been
taken to reduce the particle size from micron to nano-
meter.16−20 However, although the particle size of the
nanoparticle is small and the specific surface energy is large,
it is easy to agglomerate due to the high surface energy, which
not only does not increase the gas−solid contact area but also
causes blockage of the equipment due to the formation of
precipitation.21−25

In order to solve the agglomeration of nanoparticles,
researchers tried to improve the dispersion of nanoparticles
in the basefluid by various methods without changing the
properties of nanoparticles.26,27 For example, multiwalled
carbon nanotubes (MWCNTs) are extremely unstable in the
basefluid and easy to curl up into clusters; Karami et al.28
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improved their stability by functionalizing them with carboxyl
groups. Said29 treated carbon nanotubes with acid to increase
the hydrophilic functional group on the surface of carbon
nanotubes so that the nanofluid could be stable for three
months. Xian et al.30 compared the effects of six surfactants
(PVP, Triton X-100, SDS, SDC, SDBS, and CTAB) on the
stability of graphene−TiO2 hybrid nanofluids and found that
CTAB was the best surfactant to enhance the stability of
hybrid nanofluids. Choudhary et al.31 discovered that the
stability of water-based Al2O3 nanofluids could be affected by
pH and sonication time. They found that the dispersion of
high-concentration nanofluids could be improved by increasing
the ultrasonic oscillation time and the dispersion performance
could be improved by increasing the acidity or alkalinity. It
could be found that surface modification, ultrasonic oscillation,
adjusting pH, and addition of surfactants could improve the
stability of nanofluids. However, an acid or alkali environment
would affect the desulfurization effect of desulfurizers.
Moreover, the change of the surfactant structure at a certain
temperature would affect the uniform dispersion of the
desulfurizer. Therefore, surface modification provided the
possibility to improve the stability of the nano-MgO nanofluid
desulfurizer.
Although the researches on the practical application of

nanofluids have drawn more and more attention, they are still
in the primary stage.32 Actually, the most fundamental problem
is the preparation of nanofluids. In order to meet the demand
of high dispersion and stability, the preparation process of
nanofluids usually had low output and high energy
consumption, which is difficult to implement on a large
scale. The satisfaction of this demand has practical significance
for the large-scale industrial application of nanofluids33.
Mechanical milling had been used to prepare highly stable
micron dispersions, which could be used in various industrial
fields, such as food, pigments, and cosmetics.26,34, In addition,
wet milling could usually be used in the industrial production
of nanoparticles.36 At present, few studies have linked it with
the application of nanofluids. Unlike the two-step ultrasonic
method for preparing nanofluids, mechanical grinding
technology has sufficient potential to effectively expand the
production scale of nanofluids.
Therefore, hydrophilic functional groups were introduced

into the surface of MgO nanoparticles, and then mechanical

grinding technology was used to achieve the large-scale
preparation of a nano-MgO desulfurizer with high dispersion
and stability. The particle size, ζ potential, and sedimentation
rate of modified and unmodified nano-MgO desulfurizers
prepared by mechanical grinding technology were measured to
analyze their dispersion and stability. Then, the dissolution
reactivity and desulfurization effect of these desulfurizers were
studied; especially, the core shrinking model was introduced to
closely analyze the influence of dispersion on the dissolution
kinetics and desulfurization effect of the nano-MgO desulfur-
izer.

2. EXPERIMENTAL METHODS AND MATERIALS
2.1. Materials. MgO nanoparticles (diameter of 50 nm,

purity >95%) were obtained from C.W. Nanotechnology
Company (Shanghai, China). (3-Aminopropyl)triethoxysilane,
1,1-carbonyldiimidazole, and toluene were obtained from
Adamas-β Reagent Co., Ltd. (Shanghai, China). β-Cyclo-
dextrin and N,N-dimethylformamide (DMF) were obtained
from Sinopharm Chemical Reagent Beijing Co., Ltd.
2.2. Preparation and Characterization of Modified

MgO Nanoparticles. First, MgO nanoparticles were added
into 100 mL of toluene under magnetic stirring and then
suspended by ultrasonic treatment for 0.5 h. Then, 5 mL of (3-
aminopropyl)triethoxysilane was mixed in the above solution
and stirred for 6 h at 100 °C. Then, the mixture was cooled,
filtered, washed with toluene and acetone, and dried. The
aminopropyl−MgO mixture was prepared.

β-Cyclodextrin (6 g) was dissolved into N,N-dimethylfor-
mamide (100 mL), and then 6 mL of 1,1-carbonyldiimidazole
was mixed into the solution. The hydroxyl group of
cyclodextrin was activated by magnetic stirring for 2 h at 25
°C. The prepared aminopropyl−MgO mixture was suspended
in DMF (100 mL), and then the solution containing activated
β-cyclodextrin was slowly added into the suspension. The
mixture was stirred for 20 h under magnetic force at 25 °C.
Then, the product was washed with DMF, acetone, and
deionized water to obtain cyclodextrin-modified MgO nano-
particles. The synthesis route of modified MgO nanoparticles
is shown in Figure 1.
The structures of MgO nanoparticles and modified MgO

nanoparticles were measured using an FTIR spectrometer
(Nicolet Nexus 470, Nicolet). The spectrogram with the

Figure 1. Synthesis route of the modification of MgO nanoparticles: (a) the synthetic route of aminopropyl−MgO and (b) the synthetic route of
cyclodextrin-modified MgO nanoparticles.
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wavelength ranging from 4000 to 500 cm−1 was recorded and
analyzed. Meanwhile, the diffraction patterns of MgO nano-
particles and modified MgO nanoparticles were measured by
XRD (X-Pert PRO MPD, Germany), which could yield the
structural morphology of nanoparticles. The diffraction angle
varied from 5 to 70° at a rate of 10°/min.
2.3. Preparation of Nanofluids. Instead of a traditional

ultrasonic oscillation method, the modified MgO nanofluid
was prepared by mechanical grinding technology. This method
was mainly completed in the stirred media mill, which
consisted of a stainless stirred vessel, a mill chamber, and a
pumping system. First, the modified MgO nanoparticles and
deionized water were added in the premixed chamber, and
then the mixture was pumped to the mill chamber. The milled
nanofluid returned to the mixing chamber. The process
circulated for 2 h. After continuous reflux, 1000 mL of the
modified MgO nanofluid (5 wt %) was fabricated at one time.
Then, the modified MgO nanofluid was diluted to needed
concentrations by simple mixing (1−5 wt % in this
experiment). The structure diagram of the stirred media mill
is shown in Figure 2. In contrast, the micrometer MgO slurry,
MgO nanofluids of same concentrations were prepared by this
method.

2.4. Test of the Suspension Property. First, the states of
three MgO desulfurizers with 5 wt % after being placed for
different days were recorded. The average particle size of three
MgO nanofluids with 5 wt % was measured using a laser
diffraction particle size analyzer (Malvern, MS3000). The ζ
potential value could be used to predict the suspension
characteristics of solid−liquid mixtures. Hence, the ζ potential
values of three MgO desulfurizers were measured using a ζ
potential instrument (Brookhaven Instruments Corporation).
The sedimentation rate was an index that could qualitatively
evaluate the stability of solid−liquid mixtures, which could be
calculated by eq 1:

Pt
0

0 t

0

= =
(1)

where φ0 and φt represent the mass concentrations of MgO
desulfurization slurries before and after standing for a given
time. The method is to use a thermal analyzer to measure the
concentration of the supernatant in the mixture. The
supernatant is taken as a sample and heated to 1000 °C at
the rate of 10 °C per minute in an argon atmosphere, and then
the solid content of the slurry is obtained by analyzing the
thermogravimetric spectrum.
2.5. Desulfurization Experiments and Dissolution

Behavior. The diagram of the flue gas desulfurization device
can be seen in Figure 3. The bubbling column was 6 cm in
diameter and 50 cm in height. The concentration of the MgO
desulfurizer used for desulfurization was 5 wt %. A mixture of
SO2, O2, and N2 was used to simulate flue gas. The mixture
contained O2 of 4%, which could oxidize the desulfurization
product MgSO3 to MgSO4 partially. The volume of SO2 in the
flue gas simulation was 1000 ppm, and the gas flow rate of the
desulfurization device was 2 L/min. The same amount of
different kinds of MgO desulfurizers was added into the bubble
column to evaluate their desulfurization effect. The whole
desulfurization reaction was controlled at 30 °C in a
thermostatic water bath. The pH of the desulfurizer and the

Figure 2. Structure diagram of the improved two-step fabrication of
MgO desulfurizers.

Figure 3. Flow diagram of the flue gas desulfurization device.
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concentration of SO2 in the off-gas during desulfurization were
measured by pH probe and gas chromatography, respectively.
The desulfurization breakthrough curves of the desulfurizers
were plotted by measuring the concentration of H2S in the
exhaust gas (C) and the concentration of H2S in the inlet (C0).
The dissolution of MgO particles is an important rate-

determining step in the entire process of desulfurization. The
dissolution rate of the MgO desulfurizer could be obtained by
measuring the concentration of Mg2+ in the solution during the
desulfurization process, instead of using the original pH-stat
method to measure the dissolution rate of the desulfurizer.
Inductively coupled plasma luminescence spectrometry

(Agilent ICPOES 730) was used to quantitatively determine
Mg2+ in desulfurization suspensions at different times. The
conversion rate could be obtained by calculating the ratio of
the content of Mg2+ in the desulfurizer at different times to the
total content of Mg2+ in the desulfurizer.

3. RESULTS AND DISCUSSION
3.1. Characterization of Modified MgO Nanoparticles.

The FTIR spectra of MgO nanoparticles and modified MgO
nanoparticles are depicted in Figure 4. The absorption peak of
the modified MgO nanoparticles at 3400−3500 cm−1 was
broader than that of the MgO nanoparticles; it was mainly

Figure 4. FTIR spectra of MgO nanoparticles and modified MgO nanoparticles.

Figure 5. XRD patterns of MgO nanoparticles and modified MgO nanoparticles.
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caused by the stretching vibration of −OH. A large amount of
−OH was introduced through β-cyclodextrin during the
modification of the nanoparticles. The weak absorption peak
at 3630 cm−1 might be the N−H stretching vibration. The
absorption peak at 2880 cm−1 was a symmetric stretching
vibration peak of −CH2−. The stretching vibration peak with
C�O appeared at 1680 cm−1. The stretching vibration peaks
of the Si−O bond appeared at 827 and 1189 cm−1,
respectively. Compared with the spectrogram of MgO
nanoparticles, the characteristic peaks of −OH, −CH2−, Si−
O, and C�O appeared in the spectrogram of modified MgO
nanoparticles, indicating that β-CD was successfully attached
to the surface of MgO nanoparticles.
Figure 5 reveals the XRD patterns of the two kinds of

nanoparticles. The two samples had significant characteristic
diffraction at 2θ values of 18, 38, 43, 51, 59, and 62. The XRD
patterns of modified MgO nanoparticles and MgO nano-
particles did not show significant differences, indicating that
the modification of MgO nanoparticles did not substantially
change the crystal structure of the nanoparticles.
3.2. Suspension Properties. The suspension stability of

the MgO desulfurizer is not only convenient for storage but
also its good dispersion is conducive to its rapid dissolution in
the desulfurization process. Static sedimentation experiments
could intuitively show the suspension stability of different
kinds of MgO desulfurizers. It can be seen from Figure 6 that
the micron MgO slurry had completely precipitated after
preparation because of its large weight. The MgO nanofluid
appeared precipitated with 1 week of preparation and totally
precipitated with a standing of 30 days. But the modified MgO
nanofluid still had no precipitation or stratification after 30
days, showing excellent stability. Then, the unmodified MgO
nanofluid agglomerated rapidly, while the modified MgO
nanofluid changed little with time, which showed that the
modification of the hydrophilic functional groups was
conducive to long-term stability.
In order to predict the long-term stability of the MgO

desulfurizer, the ζ potential values of the above two nanofluids
were measured. As shown in Figure 7, the ζ potential of the
modified MgO nanofluid prepared by mechanical grinding
technology was still greater than 50 mV after 30 days of
placement, while the ζ potential of the MgO nanofluid
dropped rapidly during placement, and the ζ potential value
was only 21.7 mV after 30 days of placement. Through
comparison, it was found that the experimental results of the ζ
potential were consistent with the static settlement method,
while in the process of preparing nanofluids by mechanical
grinding technology, the large contact area and impact force
between the stirring medium in the grinding room and the
nanoparticles made the nanoparticles fully dispersed. Mean-

while, after being modified, the van der Waals force and the
hydrogen bond between the hydrophilic group and the
basefluid as well as the large steric resistance of cyclodextrin
could maintain good dispersion between the nanoparticles and
good stability of the nanofluids.
Meanwhile, considering the application of MgO nanofluids,

the settling rate was measured to quantitatively determine the
suspension property of the modified MgO desulfurizer. The
settling rates of modified MgO nanofluids with various
concentrations obtained by the improved two-step method
are shown in Figure 8. The settling rates of all concentrations
of MgO nanofluids after 30 days were less than 7%, of which
the sedimentation rate of 1 wt % modified MgO was 3.53%
and the settling rate of 5 wt % nanofluids was 6.88%. It
indicated that the MgO desulfurizer prepared by this method
could have good dispersion for a long time, which had
potential application in the field of flue gas desulfurization.
Moreover, compared with the traditional preparation method
of nanofluids, mechanical grinding technology has certain
advantages. First, through the experimental data, it could be
seen that nanofluids prepared by this method had good
dispersion and stability. Second, this method had no redundant
steps in the preparation process, which was easy to operate.
Finally, the size of the stirred media mill used in industrial
production could be expanded to facilitate the preparation of
large-scale industrial nanofluids.
3.3. Dissolution Kinetics of Different MgO Desulfur-

izers. It was essential to study the dissolution kinetics of
different kinds of MgO desulfurizers, as the release capacity of

Figure 6. Digital photograph of MgO desulfurizers after different days of standing.

Figure 7. ζ Potential of MgO desulfurizers after different days of
standing.
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Mg2+ was an important factor to evaluate the effect of MgO
desulfurizers on the absorption of SO2. Figure 9 describes the
conversion curves of MgO desulfurizers in the actual
desulfurization process. As observed, the dissolution rate of
the micron MgO slurry was the slowest, which took 700 min.
The dissolution rate of the MgO nanofluid prepared by
different methods was significantly faster than that of the
micron MgO slurry. Obviously, the smaller the particle size of
the desulfurizer, the stronger was the release ability of Mg2+.
From the suspension characteristic experiment, we could see
that nanoparticles in the unmodified MgO nanofluid would
agglomerate to different degrees, resulting in a larger average
particle size. While the modified MgO nanofluid had good
dispersion, the large gas−liquid contact area was conducive to
a greater mass transfer flux of H+, which could promote the
dissolution of the MgO desulfurizer.
Moreover, the main reaction of wet desulfurization by MgO

desulfurizers was that MgO first combined with water to

generate Mg(OH)2, and Mg(OH)2 further removed SO2 to
complete the desulfurization process (as shown in eq 2 and 3).
However, due to the low solubility of MgO in water,
hydrophilic groups were introduced on the surface of modified
MgO nanoparticles, which increased the affinity between the
MgO desulfurizer and water and promoted the process of the
MgO desulfurizer transforming into Mg(OH)2. The dissolu-
tion rate of the MgO desulfurizer was further enhanced.

MgO H O Mg(OH)2 2+ = (2)

Mg(OH) SO MgSO H O2 2 3 2+ = + (3)

In order to further understand and discuss the dissolution
kinetics of the MgO desulfurizer, the core shrinking model was
used to analyze the dissolution rate. As the desulfurization
product was MgSO4, there was no solid inert residue, and so
the particles would continue to shrink and eventually
disappear. Therefore, the whole desulfurization process was
only affected by the diffusion of the fluid retention film and the
chemical reaction rate. As the solid particles of the MgO
desulfurizer kept shrinking, the mass transfer coefficient of the
fluid retention membrane was affected by particle size and the
fluid flow rate. The relationship between conversion and
reaction time is obtained as follows:

t t R R x/ 1 ( / ) 1 (1 )f C S
2

B
2/3= = (4)

The whole reaction is controlled by a chemical reaction:

t t R R x/ 1 / 1 (1 )f C S B
1/3= = (5)

The conversion rate, as shown in Figure 9, was analyzed by the
fluid retention film diffusion control models and the chemical
reaction control models to calculate the kinetics and reaction
parameters. Figures 10 and 11 show the results of the
conversion rate fitting with eqs 4 and 5, respectively.
Obviously, for the micrometer slurry, the dissolution rate

was mainly controlled by the chemical reaction on the particle
surface. This was because the specific surface area of the
micrometer MgO particles was small, which led to the smaller

Figure 8. Settling rates of modified MgO nanofluids prepared by
mechanical grinding technology with different concentrations.

Figure 9. Conversion−time curves obtained for MgO desulfurizers.
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contact area with the solution. Hence, the dissolution process
of the particles was mainly affected by the reaction rate with
H+ in the solution under the same concentration of H+.
However, due to the agglomeration of MgO nanoparticles, the
particle size of the MgO nanofluid was larger, and the chemical
reaction was still the speed control step in the whole
dissolution process. Meanwhile, compared with MgO nano-
fluids, modified MgO nanofluids fabricated with the improved
two-step method were more dispersed among particles and had
a larger contact area with the solution. The reaction speed of
H+ and MgO was fast, and the consumed H+ needed to be
supplemented in large quantities. The entire dissolution
process was mainly controlled by liquid film diffusion.
The dissolution rate constants of the three MgO

desulfurizers could be calculated from the linear slope obtained

from the linear regression between dissolution conversion and
reaction time. It could be seen that the dissolution rate
constant ranged from 0.00084 to 0.0030 min−1, which
increased with the decrease of particle size and the increase
of particle dispersion. Meanwhile, the Arrhenius law was used
to further understand the dissolution kinetics of MgO
desulfurizers, which are shown as eqs 6 and 7.

k k e E
0

/RT= (6)

k k E
ln ln

RT0=
(7)

Therefore, we could obtain the activation energy required
for desulfurization by a MgO desulfurizer by measuring the
relationship between the dissolution rate constant and

Figure 10. Relation between 1 − (1 − XB)2/3 and the reaction time of MgO desulfurizers.

Figure 11. Relation between 1 − (1 − XB)1/3 and the reaction time of MgO desulfurizers.
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temperature. The dissolution rate constants of three MgO
desulfurizers at the temperature of 30 to 60 °C were measured,
and the apparent activation energy required for desulfurization
was calculated according to eq 7, which is shown in Figure 12.
The apparent activation energy required for the micrometer
MgO desulfurizer was 21.888 kJ/mol. However, with the
decrease of particle size and the increase of the gas−liquid
contact area, the apparent activation energy required for
desulfurization was reduced. The apparent activation energies
of the MgO nanofluid and the modified MgO nanofluid in the
desulfurization process were 16.602 and 13.042 kJ/mol,
respectively. From the data of the apparent activation energy,
it could also be seen that the dissolution process of the
modified MgO nanofluid prepared was mainly controlled by
liquid film diffusion, which was consistent with the conclusion
of Pinna et al.37

3.4. Desulfurization Effect of MgO Desulfurizers. The
desulfurization breakthrough curves of three desulfurizers are
shown in Figure 13. It was considered that the purification

degree of SO2 met the desulfurization requirements as the
content of SO2 in the off-gas was lower than 10 ppm, that is,
C/C0 was less than 1%. It showed that at the beginning of
desulfurization, the desulfurization effect of all three desulfur-
izers could meet the requirements. As the desulfurization
reaction proceeded, the MgO slurry reached the penetration
earliest, and the penetration time was 162 min. For MgO
nanofluids and modified MgO nanofluids, the penetration

times were 195 and 238 min, respectively. And with the
prolongation of the desulfurization time, the concentration of
SO2 in the tail gas increased sharply. The slope of the
breakthrough curve of the MgO slurry was the smallest, while
the slope of the breakthrough curve of the modified MgO
nanofluid was the largest. This was because of the reduction of
particle size and the increase of dispersion of the MgO
desulfurizer. The dissolution rate of the desulfurizer was
accelerated (as shown in Section 3.3), and the desulfurization
ability of the desulfurizer was improved, thus extending the
penetration time and accelerating the consumption of the
desulfurizer.
The variations of pH of three MgO desulfurizers during

desulfurization are shown in Figure 14. The dissolution of
MgO particles made the initial pH of the three desulfurizers
almost the same. In the alkaline environment, the dissolution
of MgO was inhibited, while the pH value started to drop
sharply with the introduction of SO2. It could be seen that the
pH−time curves showed different trends. For the MgO slurry
and MgO nanofluids, the pH of the solution showed a rapid
decline trend because of the slow dissolution rate of the
desulfurizers. As the pH values were reduced to 4.2 and 4.5,
respectively, the acid solution would inhibit the continued
dissolution of SO2, which inhibited the gas film diffusion.
Meanwhile, the acidic environment would accelerate the
dissolution rate of the MgO desulfurizer. Both of these made
the decline rate of pH slow down until the MgO desulfurizer
was consumed, and the pH of the solution would not change
anymore. The initial pH values of the modified MgO
nanofluids also decreased rapidly. However, with the progress
of desulfurization, the decrease of the pH value was slower
than that of the unmodified MgO nanofluid. This was due to
the better dispersion and hydrophilicity of the modified MgO
nanoparticles, which made their dissolution faster. Meanwhile,
the higher pH value was conducive to the dissolution of SO2,
reducing the liquid film resistance and further promoting the
desulfurization process, which was consistent with the
conclusion of the desulfurization experiment.

4. CONCLUSIONS
In this paper, hydrophilic functional groups were introduced
on the surface of nanoparticles to improve the stability and
dispersion of the MgO desulfurizer so as to promote its
dissolution rate and desulfurization efficiency, and its
dissolution mechanism was analyzed by the shrinking core
model. In order to realize the large-scale industrial application
of nanofluids, the traditional two-step method of preparing

Figure 12. Dissolution rate constant versus temperature: (a) MgO slurry, (b) MgO nanofluid, and (c) modified MgO nanofluid.

Figure 13. Desulfurization breakthrough curves of the MgO
desulfurizers.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.3c08575
ACS Omega 2024, 9, 12779−12788

12786

https://pubs.acs.org/doi/10.1021/acsomega.3c08575?fig=fig12&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c08575?fig=fig12&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c08575?fig=fig12&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c08575?fig=fig12&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c08575?fig=fig13&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c08575?fig=fig13&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c08575?fig=fig13&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.3c08575?fig=fig13&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.3c08575?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


nanofluids was improved using wet grinding technology. The
conclusions were as follows:
(1) Through static sedimentation, ζ potential measurement,

and settling rate measurement, it was shown that the
modified MgO nanofluids prepared by wet grinding
technology had good stability and dispersion. After 30
days of storage, the ζ potential value still exceeded 50
mV, and the settling rate of the modified nanofluids with
5 wt % was less than 7%.

(2) The modified MgO nanofluids prepared by the
improved method could promote the conversion of
MgO into Mg(OH)2 and could further promote its
dissolution rate due to their good dispersibility and
hydrophilicity. From the dissolution kinetics study, it
was found that the smaller the particle size of the MgO
desulfurizer and the better the dispersibility and
hydrophilicity, the lower is the activation energy
required for the desulfurization process.

(3) The faster dissolution rate made the pH of the solution
decrease slowly, promoted the dissolution of SO2,
reduced the liquid film mass transfer resistance, and
prolonged the penetration time to 238 min.
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