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Abstract

The hydrothermal treatment of polystyrene (P.S.) in the presence of potassium hydroxide resulted
in a carbon-based nanomaterial used for an efficient carbon sorbent with a pores volume of
0.068cm?/g. The material was characterized by different techniques that showed excellent physical
and chemical properties. The sorbent’s CO2 capacity at 25 °C is 3.8 mmol/g at 1 bar and 3.0
mmol/g at 0.1 bar, and it regenerates when the temperature reaches 80 £ 5 °C. As a result, this PS-
derived organic carbon-related compound exhibited the potential to absorb CO2 from high-
emissions sources. The conversion of plastic waste into carbon-based materials is a promising
method for reducing plastic pollution and creating new value from waste. These methods have the
potential to make a significant contribution when converted at a large scale as the best sustainable

method for waste management.

Keywords: Upcycling; Polystyrene waste; Non-emission; hydrothermal; Carbon nanomaterials;

Carbon dioxide; Adsorption

1.0. Introduction
Polystyrene (PS) is a synthetic polymer made from styrene monomers. It is a lightweight, durable,
and inexpensive material used in various products, including food packaging, insulation, and
disposable utensils. PS is non-biodegradable, meaning it can take hundreds or even thousands of
years to decompose in landfills. Additionally, PS waste can leach styrene chemicals into the
environment, contaminating soil and water that can harm wildlife and humans. Polystyrene waste

is a primary environmental concern due to its non-biodegradable nature and high production
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volume. PS waste can negatively impact the environment, including Landfill pollution. PS waste
accounts for a significant portion of landfill waste because it does not decompose in landfills and
can take up valuable space. PS waste can enter the ocean through rivers and streams and break
down into tiny microplastics, which can be ingested by marine life and enter the food chain. The
production and disposal of PS waste contribute to greenhouse gas emissions and climate change.
PS waste can be controlled by Reducing consumption, or consumers can choose reusable products
over disposable PS products whenever possible (Kigozi, 2024). PS can be recycled, but recycling

rates are low due to the poor properties of the recycled particles (Zhang et al., 2013).

PS can be recycled using a variety of methods, including mechanical recycling, chemical
recycling, and energy recovery (Kigozi, 2024). Mechanical recycling is the most common method
for recycling, where it is shredded and melted into pellets. Chemical recycling involves breaking
down PS waste into its constituent monomers. The monomers can then make new PS or other
products, such as recycled fuels. PS can also be converted into carbon nanomaterials (CNMs) using
various methods, including thermal pyrolysis, catalytic pyrolysis, and hydrothermal carbonization.
Thermal pyrolysis involves heating PS waste in the absence of oxygen. This process breaks down
the PS into CNMs and other products. Catalytic pyrolysis is similar to thermal pyrolysis but uses
a catalyst to speed up the process. Hydrothermal carbonization involves heating PS waste in a
pressurized water reactor. This process breaks down the P.S. into CNMs and other products (Liang
etal., 2019; Yang et al., 2015).

Several challenges are associated with recycling PS and converting it into CNMs, including
contamination from food and dirt. This contamination can make recycling PS or converting it into
CNMs difficult. The process of CNMs can be expensive when using organic solvents and
equipment. This is due to the need for specialized equipment and the cost of energy. There is also
a limited market for recycled PS and CNMs. This is because these materials are not as well-known
or well-established as virgin PS (Yang et al., 2015).

Despite these challenges, a growing interest is in recycling PS and converting it into CNMs. This
is due to the environmental benefits of recycling PS and the potential of CNMs made from PS to
be used in a variety of applications, such as CO2 adsorption, energy storage, electronics, and
catalysis (Cui et al., 2019; Jinsong et al., 2022; Shi et al., 2019, 2020). PS recycling and converting

PS into CNMs are promising technologies for addressing the problem of PS waste. As the



technology develops, PS recycling and converting PS into CNMs will likely play an increasingly
important role in reducing PS waste and producing valuable materials (Ali et al., 2021; Cui et al.,
2021).

Carbon nanomaterials (CNMs) have several potential applications in carbon dioxide (CO2)
storage, including adsorbents to capture CO2 from flue gas and other industrial emissions (Jinsong
et al., 2022). CNMs have a high surface area and a strong affinity for COz, which makes them
ideal for adsorption applications. Membranes that can separate CO2 from other gases are solid and
durable and can be tailored to have specific pore sizes that allow CO:2 to pass through while
blocking other gases. Catalysts convert CO2 into other useful products, such as fuels and
chemicals. CNMs are efficient and durable catalysts that can be tailored to catalyze specific
reactions (Kigozi, 2024).

CO2 adsorption and storage (CAS) is a promising technology for reducing greenhouse gas
emissions. CAS involves capturing CO2 from industrial emissions and storing it in geological
formations, such as depleted oil and gas reservoirs. CAS can help to reduce greenhouse gas
emissions by preventing CO2 from entering the atmosphere. CNMs play an important role in CAS.
CNMs can be adsorbents to capture CO2 from flue gas and other industrial emissions. This allows
CO:2 to be captured and stored separately, which is important for safety and environmental reasons
(Algozeeb et al., 2022).

Several challenges are associated with using CNMs for COz2 storage, including the cost that makes
CNMs currently expensive to produce. This makes it difficult for CNMs to compete with other
materials, such as activated carbon, commonly used for CO2 adsorption. The low selectivity of
CNMs that adsorb other gases in addition to CO2. This can reduce the efficiency of CO2 capture
and storage. The durability of CNMs makes them degrade over time, which can reduce their
performance and lifespan. Research gaps are working to address these challenges and develop
more versatile materials for CO2 storage. For example, research is needed to develop new methods
for producing CNMs at a lower cost and improved structures that are more selective for CO2 and
more durable (Liang et al., 2019). Activated carbon has a highly porous structure, which makes it
an effective adsorbent material. The pores in activated carbon adsorb carbon dioxide molecules

from the surrounding air, effectively removing it from the atmosphere.



The effectiveness of activated carbon in carbon dioxide capture has been demonstrated in several
studies, with some researchers reporting a 90% capture rate (Algozeeb et al., 2022). This makes it
a cost-effective solution for carbon dioxide capture, which is important given the high costs
associated with traditional carbon capture and storage methods (Robertson et al., 2023). As the
demand for activated carbon increases, the supply of activated carbon from polystyrene waste can
meet this demand, providing a new source of revenue for waste management companies (Yuan, Li
et al., 2020).

CO2 capture using plastic waste-activated carbon can be achieved in some ways. One standard
method is to use a process called pressure swing adsorption (PSA) (Yuan, Li et al., 2020). PSA is
a cyclic process that involves alternating between high-pressure and low-pressure steps. In the
high-pressure step, COz is adsorbed onto the activated carbon. In the low-pressure step, the CO2
is desorbed from the activated carbon and released into a storage or disposal system (El Essawy et
al., 2017). Another method for COz2 capture using plastic waste-activated carbon is to use a process
called membrane separation. (Kaur et al., 2019a; Ribeiro et al., 2022). The cost of producing plastic
waste-derived activated carbon is relatively low, and the technology can easily be scalable. CO2
capture using plastic waste-derived activated carbon is a promising technology that has the
potential to make a significant contribution to the fight against climate change (Bbumba, 2024;
Bbumba et al., 2025).

Preparation of the plastic waste derived from activated carbon involves some main steps: The
plastic waste is typically ground into small pieces and then mixed with a solvent. The solvent helps
break down the plastic waste and remove any impurities. The plastic waste is then pyrolyzed.
Pyrolysis is a process that heats plastic waste without oxygen. This process causes plastic waste to
break into smaller molecules, including carbon. The final process is the activation of the pyrolyzed
carbon. Activation is a process that increases the surface area of the carbon. The process is done
by heating the carbon in the presence of a gas, such as steam or carbon dioxide and an activation
agent (Hussin et al., 2021).

For the current study, the PS-ACT Plastic waste-derived carbon was produced to capture CO2 from
the point sources. The COz2 capture process was typically carried out in a column. The column was
filled with plastic waste-derived activated carbon. The COz-rich gas is then passed through the

column. The CO: is adsorbed onto the porous activated carbon. The CO2-free gas is then released



from the column. The adsorbed CO:2 onto the derived activated carbon can be stored or used in
other applications. One standard storage method is to compress the CO2 and store it in underground
reservoirs. Another standard disposal method is injecting CO: into deep saline aquifers (Kaur et
al., 2019b). COz2 capture using plastic waste-activated carbon is a promising method with the
potential to substantially contribute to protecting climate change. The technology is still under
development, but it can potentially be a cost-effective and scalable solution to the problem of CO2

emissions.

2.0. Materials And Methods

2.1. Synthesis of PS-ACT nanocomposite
Polystyrene (P.S.) plastic waste was picked around the Department of Chemistry, Makerere

University. The P.S. was ground to small particles, cleaned to remove dirt, and dried at 45 °C
overnight. The dried P.S. particles were heated in a white oil bath with a temperature of 10045 °C
for 45 minutes. The used temperature range is the P.S. glass transition temperature, which makes
it brittle. The heated material was separated from the oil and then crushed to powder (PS-powder).
The P.S. powder was then activated using potassium hydroxide (KOH) as the activation agent with
aratio of 1:3 (P.S.: KOH) in deionized water. The solution was mixed for 3 hours, transferred into
a stainless-steel autoclave with a Teflon liner, and heated in an oven at 200 °C for 18 hours. After
that time, the autoclave was cooled, and the sample was filtered and dried at 80 °C for three hours.
The dried powder was labelled PS-ACT carbon nanomaterial (CNM) and taken for

characterization.

2.2. Characterisation of the synthesized carbon nanomaterials
The materials were characterized by different methods for physical and chemical properties, as
described below. The carbon nanomaterials that were produced were examined using various
characterisation techniques for different physical-chemical properties. These include Transmission
electron microscopy (TEM), scanning electron microscopy (SEM), X-ray fluorescence
spectroscopy, X-ray diffraction (XRD), Fourier transformation infrared spectroscopy (FTIR), and
kinetic adsorption (Kigozi, Kali, et al., 2020);
a) Fourier Transformation Infrared (FTIR) spectroscopy

The surface functional groups of CNMs samples were analysed by Fourier Transformation
InfraRed (FTIR) spectroscopy (Bruker Optik GmbH Vertex 70, Germany) and was scanned
through a range of 600 — 4000 cm™ (Turku et al., 2017)



b) Field emission scanning electron microscope (FESEM)
The morphological characterization was done with the Field Emission Scanning Electron
Microscope (FESEM) 9GeminiSEM 500M/s Carl ZEISS-EDAX Z2 Analyser AMETEK). The
magnification of the samples was done at different depth and power.

c) X-ray diffraction
The crystal structure of the CNMs powder samples was examined by the X-ray diffraction (Riguku
Smartlab Auto sampler) using a Cu ka radiation with the International Centre for Diffraction Data
(ICDD) database. The sample powders were scanned through a 26 angel between 5 to 90 degrees
(Singh et al., 2017).

d) Ultra-violent visible spectroscopy
The carbon samples were first dispersed in tetrahydrofuran solvent (0.5 mg/ml) and sonicated

for 30 min. Each sample was individually scanned between 180 and 800 nm for the spectrum.
(Shafeeyan et al., 2010)(EImouwahidi et al., 2017).

e) Raman spectroscopy analysis
The Renishaw inVia Raman microscope from Renishaw plc Watton-under Edge Gloucestershire
United Kingdom, with a fixed excitation wavelength of 514 nm, was used with an exposure time
of 10s, laser power of 1%, accumulative scan of 10, and objective of X20 to examine the surface
composition and structure of PS-ACT material (Kigozi, Kasozi, et al., 2023; Kigozi, Tebandeke,
etal., 2023).

f) Thermogravimetric analysis (TGA)
(TGA) was executed on CNM samples using a TGA-DSC analyser (Jupitor STA449 F3 NTZSCH
GmbH). The samples were heated in pure air at a flow rate of 10 cm®/min from room temperature
to 1000°C with ramp temperature of 10 °C/min with a run time of 1 hour and 40 minutes using
calcinated silica pan as reference material (Lim et al., 2010)(Van et al., 2014)(Lijuan et al., 2017).

g) Brunaver-Emmett-Teller (BET) analysis for specific surface area
The Nitrogen Adsorption/desorption isotherms were determined based on the 77K automated
adsorption instrument (11-2370. Gemini Miceomeritics USA). The CNM samples were preheated
at 900C (ramp 100C/min) and degassed at 300C in a vacuum with a holding time of 10 hours. The
Nitrogen adsorption isothermal was measured over (P/Po) relative pressure, and the BET surface
area (SBET) was calculated by the BET (Brunaver-Emmett-Teller) equation with adsorption data

(Van et al., 2014). The micropore volume (Vmic), microporous surface area (Smic) and external



surface area (Sext) were obtained from the t-plot method (Van et al., 2014). The mesopore volume
(Vmes) was acquired by the BJH (Barrett-Joyner-Halenda) method (Ghosh et al., 2019)(Van et al.,
2014), and the total pore volume (Vi) estimated from the sum of mesoporous volume (Vmes) and
microporous volume (Vmic). With some assumption, the mean pore radius rmp was determined

from the total pore volume and SBET.

2.3. Adsorption-desorption experiments of CO, with PS-ACT
The adsorption-desorption of CO2 with PS-ACT was evaluated in a closed system. The apparatus

contains a U-type glass column having a total stretch of 52 cm and a diameter of 1.2 cm. The inlet
and outlet CO2 concentrations were measured by a Horiba infrared gas analyzer calibrated
immediately before the test. The sample holder was loaded with 1 g of PS-ACT material, and a
vacuum at 200 °C was created for two hours before supplying the flue gas in the system, which
operated for 8 hours. The dynamic adsorption capability was measured using a gas mixture of 15%
CO2 and 85% N2. The composition mixture is a standard model in industrial effluent power plants.
The adsorption-desorption measurements were achieved at 25, 60, and 80 °C and with varying
pressure from zero to 1.0 bar. The gas adsorption in millimole (mmol) was recorded at increasing

pressure and fixed temperature. Similar conditions were also simulated (Kadi et al., 2020).

3.0. Results and discussion

3.1. PS-ACT material characterization
The PS-ACT material was characterized by different techniques to assess its physical and chemical

properties. The FTIR analysis was carried out to determine the material's surface functional groups.
As shown in Figure 1, different peaks for both the P.S. powder and PS-ACT samples can be
observed. The fingerprint region of both materials exhibited rock vibration below 1000 cm™ with
C-C and C-O stretches between 1000 and 1500 cm™. The peaks are similar to those reported in the
literature (Yaglikci et al., 2020). The diagnostic region of the spectra showed single bond stretches
of C-H around 2900 cm™ for the PS-ACT and P.S. powder samples. The P.S. powder also exhibited
some stretch of the O.H. functional group at around 3890 cm™* due to white oil interaction in the

plastic pretreatment process.
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Figure 1: FTIR analysis of PS-ACT and P.S. powder materials

The UV-visible analysis of the PS-ACT material showed some transition of C-C and C-O bonds
at lower wavelengths up to 300 nm. The transition with the C-C aromatic identifier corresponds to
the m-n" in the aromatic ring. The C-O transition corresponds to the n-n" identification in the
material structure, as shown in Figure 2. The Raman spectrum of the PS-ACT-activated material
is shown in Figure 3. The analysis exhibited the D and G peaks at 1369.6 and 1563.3 cm™
indicating disordered and graphitic carbon, respectively. The peaks contributed to the Ip/lc band
ratio of 0.84 and a 2D peak at 1848.8 cm™. The ratio of 0.84 indicates graphitized carbon with
predominant crystalline carbon. This result is reported in the graphite carbon materials (Kigozi,
Koech, et al., 2020).
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The XRD analysis of PS-ACT material, as shown in Figure 4, exhibited vast, broad peaks at 260

positions of 21.6 and 43.3°, corresponding to the (002) and (110) crystallographic planes of carbon-

based material. These peaks indicate the amorphous nature of the material of PS-ACT. The peak



formation corresponds well with the one reported in the literature for amorphous and porous
carbon (Kigozi, Kali et al., 2020).
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Figure 4: XRD analysis of PS-ACT-activated material

The SEM-EDX analysis was conducted to study the material's morphology and composition. The
SEM monography of the PS-ACT-activated material, depicted in Figure 5, reveals the material
structure's amorphous side with a degree of crystallinity. The material exhibited particles in some
planes with pores and plain planes with more prominent pores, as shown in Figure 5(a & b) at 1um
magnification. The EDX analysis (Figure 6) revealed that the material composition mainly
contains approximately 96% carbon, 3.4% oxygen, and traces of silica and sulphur as impurities.
The impurities may have resulted from additives in the P.S. plastic material to impart some
properties for the stability of the plastic. The high carbon percentage in the material matrix
confirms a carbon-based material formation. The material is in close agreement with the

composition of activated carbon material in the literature (Kigozi, Richard K et al., 2023).

TEM analysis was performed at different magnifications for the high in-depth material structure
analysis, as shown in Figure 6. The use of 100 nm magnification, the PS-ACT material revealed
that there were some networked fibres within the material. At 50 nm magnification, there is
evidence of the nanofiber being surrounded with nanoparticles throughout the material, as shown
in Figure 7 (a & b) show the material structure as also reported in the literature of carbonaceous

materials from plastic-forming fibres and carbon nanotubes (Kumari et al., 2022).
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The converted plastic-activated CNM material (PS-ACT) was examined for thermal stability using
thermogravimetric analysis (TGA) in comparison with other plastic-derived carbon materials. The
current study sample showed up to 300 °C stability, as revealed in Figure 8. The material was
compared with the previously handled plastic materials for stability (Kigozi, et al., 2023) This
means that the materials can be used for applications where the temperature does not exceed 250

°C, including building and construction.

The synthesized sample of CNMs was also evaluated for the specific surface area (SSA) and pore
volume from BET analysis, as shown in Figure 9 and Table 1. The PS-ACT sample exhibited an
SSA of 323.57 m?/g and pore volumes of 0.680 cm®/g. The literature shows that narrow micropores
enhance the adsorption energy of the material (Cui et al., 2021; Mu et al., 2021; Shi et al., 2019).
The adsorption behaviours of the PS-ACT are exhibited in Figure 9, with high activity at higher
relative pressure. The lower pore volume helps the material capture the CO2 without escaping

hence, high surface adsorption interaction.
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Figure 9: BET analysis of PS-ACT carbon material with sorption isothermal of N2at 77K



Table 1: The BET physical properties of the PS-ACT carbon nanomaterials

2 3 :
Sample BET SSA (m /g) | Pore Volume (cm /g) Pore diameter (nm)
PS-ACT 323.57 0.680 9.0

3.2. CO2 adsorption evaluation with PS-ACT-activated material
Figure 10 exhibited the results of carbon dioxide dynamic adsorption experiments for the sample

under the flue gas's 40 mL/min flow rate at 25°C, 60 °C and 80 °C. In general, the curves indicate
the achievement of the mass transfer resistance phenomenon as the CO2 being adsorbed (Kadi et
al., 2020). The plots from the adsorption-desorption system exhibited good adsorption activity at
25°C, even at a lower pressure, as shown in Table 2. When the temperature was increased, there
was an exhibition of lower performance at lower pressures. The PS-ACT material revealed that
the adsorption behaviour increased with the uptake of COz2 at elevated pressure. The temperature
change exhibited a change in the adsorption of CO2. The increase in temperature at a fixed pressure
showed a decrease in CO2 adsorption, as indicated in Table 2, which may be due to gas expansion
or a reduction in the material's pore volume. The kinetic simulation of the CO2 uptake was done
using the BJH Adsorption (Halsey: FAAS Correction) model that fitted the lines shown in Figure
10. The simulation fitted well with the experimental results. This indicates that the optimum

condition for CO2 adsorption was 25°C with 0.1 bar of pressure (Robertson et al., 2023).

The PS-ACT sample was evaluated for CO2 adsorption due to its lower SSA of 323.57m2/g and
narrow pore volume of 0.068 cm /g, as shown in Figure 9 and Table 1. These are the main
properties of CO2 adsorption. Most materials are not used for CO2 adsorption due to their larger
pore volume and high SSA, and the behaviours of the material with the adsorption-desorption
isothermal are based on the side of CO2 molecular size. The PS-ACT proved to have a Better
isothermal character for adsorption at increasing relative pressure with distinct histolysis loops, as
shown in Figure 9. The CO2 adsorption was studied at different temperatures with variable pressure
from 0.1 to 1.0 bars. The results from the study are close to different literature using different
materials with higher SSA. Liang et al., 2021 reported the adsorption of CO2 with the activated
carbon with SSA of 831 to 1158 m2/g, showing a range of 4.34 to 5.42 mmol/g. Yeh et al., 2001
reported desorption-adsorption in the range of 1.15 to 2.65 mmol/s through porous material of 300
m2/g (Mu et al., 2021; Yeh et al., 2001). The current material exhibited a good adsorption capacity

and selectivity for CO2. Compared to the literature.



Table 2:

Adsorption of CO; (mmol/g)

Figure 10:
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Adsorption selectivity of the materials with strong CO: affinity. Materials exhibited polar surfaces

chemically interacting with COz, indicating higher selectivity at lower temperatures. The materials

also exhibited very small pores (micropores) that can exhibit high selectivity due to size exclusion

effects. CO2 molecules can fit into the pores, while larger molecules cannot. This means the

material showed better selectivity at lower temperatures, as shown in the adsorption Table 2.



3.3. Alternative uses of impregnated carbon nanomaterials with CO;

Captured CO2-carbon-based loaded materials, also known as CO2-CNM, offer exciting
possibilities beyond just storing the captured greenhouse gas. This can be used in several

applications, including;

The materials can act as a platform for converting captured CO: into valuable fuels or chemicals.
This is done by introducing catalysts onto the surface of the loaded carbon to transform CO: into
methanol, ethanol, or even synthetic natural gas. The materials can also be used to produce Carbon
fibre precursors (Kumari et al., 2022). High-quality carbon fibres are essential for various
applications, and CO2-CNM can potentially be a precursor material for these fibres. The captured
CO:2 can be chemically transformed to create strong, lightweight carbon fibres. CO2-CNM can be
incorporated into building materials like concrete or bricks for Reinforcement in building
materials. The loaded carbon can enhance the strength and durability of these materials while also
providing a method for CO2 sequestration (Ahmadinia et al., 2012).

The impregnated activated carbon, CO2-CNM, can be used in building air filters and is absorbent
for indoor air quality. The loaded carbon can capture indoor air pollutants alongside COz,
improving air quality. CO2-CNM materials can enhance its capacitance of energy storage. By
utilizing the captured CO2 and the properties of carbon nanomaterial, these materials could
potentially be used in supercapacitors for efficient energy storage applications (Lian et al., 2019).
The loaded carbon in CO2-CNM materials can support various catalysts used in chemical
reactions. This could lead to the development of more efficient and sustainable catalysts, especially
when combined with the captured CO2 molecules for specific reactions. CO2-CNM can potentially
be used to separate valuable gases from mixtures as adsorbents for gas separation. The captured
CO2 within the material could influence its adsorption properties towards other gases, allowing for
targeted separation processes (Robertson et al., 2022).

Different Studies suggest that CO2-CNM can improve soil properties by increasing water retention
and nutrient availability (Yuan et al., 2022). This could benefit agriculture by promoting plant
growth and sustainably improving crop yields. It's important to note that these are emerging

applications, and further research is needed to optimize the properties of CO2-CNM for specific



uses. However, the potential for transforming captured CO: into a valuable resource for various

applications holds significant promise for a more sustainable future.

Conclusion

The polystyrene (P.S.) waste was converted was activated using KOH as the activating agent to
produce the PS CNM material. The CNM from PS waste was used in carbon dioxide adsorption.
The PS-ACT material was characterised by different techniques, including UV-Vis, Raman
spectroscopy, FTIR, XRD, FESEM, and TEM. The FTIR revealed surface functional groups like
C-C, C-0, and O-H. The Raman analysis resulted in a ratio of Ip/lc of 0.95, indicating graphitized
carbon materials structure. The XRD exhibited two broad peaks of amorphous carbon
arrangement, and the EDX results showed a 96% carbon content in the material. The in-depth
analysis using TEM indicated nanofiber grains surrounded by nanoparticles. The PS-ACT material
was used for CO2 adsorption with varying temperatures and pressures. The 25 °C with 0.1 bar
adsorbed 3.0mmol/g, and there was an increase in adsorption with an increase in pressure. At
1.0bars, the adsorption was up to 3.8mmol/g at 25 °C. The increase in temperature at constant
pressure showed a reduction in adsorption, and the increase in pressure at constant temperature
exhibited a slight increase in adsorption. By converting polystyrene waste into activated carbon,
we effectively used it to adsorb carbon dioxide from the point source or glue gases and provide a
cost-effective carbon capture and storage solution. CNMs can be used as adsorbents, membranes,
and catalysts for CO2 capture and storage (CAS). CAS is a promising technology for reducing
greenhouse gas emissions, and CNMs play an important role in CAS. As the technology continues
to develop, CNMs are likely to play an increasingly important role in CO2 capture and storage.
This will help to reduce greenhouse gas emissions and mitigate the effects of climate change. With
further research and development, this technology has the potential to become a vital tool in the

fight against climate change.
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