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Abstract – Due to rising concerns towards carbon 

emissions emanating from anthropogenic activities, 

various technologies are being investigated to curb the 

rise in concentrations of CO2  entering the atmosphere. 

The different technologies of capturing CO2 have been 

researched and are commercially available, however, not 

without their own limitations. Technologies such as amine 

scrubbing and calcium looping are able to achieve carbon 

capture. The drawback is that these technologies require 

high heat to achieve capturing which subsequently 

consumes up 30% of the energy output of a power plant. 

Research of Metal-Organic Frameworks (MOFs), which 

are porous materials capable of capturing CO2 by means 

of adsorption technologies has been on the rise. Research 

has revealed that MOFs require very low temperatures 

compared to other capturing technologies, thus giving 

MOFs an advantage over amine scrubbing and calcium 

looping for industrial deployment. Various research 

efforts have been able to find benefits of deploying MOFs 

adsorption technology. 

I. Introduction 

A new family of porous materials called metal-organic 

frameworks (MOFs, also called porous coordination 

polymers, or PCPs) is made up of organic linkers and metal-

containing nodes, sometimes referred to as secondary 

building units, or SBUs. The study of MOFs is one of the 

areas of chemistry that is expanding the fastest because of 

their structural and functional tunability. This is exemplified 

by the continuously growing number of emerging structures, 

publications, and citations, as well as by the ongoing 

expansion of the scope of study and the engagement of 

researchers, [1].  

II. Background 

In 1965, it was discovered that metal-organic frameworks, or 

MOFs, were byproducts of other chemical reactions. The first 

permanently porous MOF was found in the late 1990s, and 

the phrase "metal-organic framework" was introduced. The 

intriguing chemical and structural qualities of MOFs, such as 

their uniform pore architectures, tuneable porosity, and 

flexibility in network topology, geometry, size, and chemical 

functionality, have attracted researchers and product 

developers, who have produced more than 90,000 of them to 

date, [2]. 
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III. Different technologies of Caborn Capture 

There are different technology utilised in industry to capture 

CO2 [4], as listed below  

• Amine scrubbing relies on chemical absorption, in 

which CO2 dissolves in amine solutions of 

diethanolamine (DEA), methyldiethanolamine 

(MDEA), diisopropanolamine (DIPA) , and 

aminoethoxy ethanol (diglycolamine, DGA). There 

are two phases in an amine scrubbing process: first, 

the carbon dioxide is captured in the flue gas by 

contacting the absorbent solution. To release the 

CO2, this CO2-rich solution is heated to a high 

temperature in a stripper reactor. 

• Calcium looping - The principle is a reversible 

chemical reaction in which the flue gas stream and 

calcium oxide molecules react to produce CO2 that 

is then captured. Prior to being moved to a different 

reactor for the calcination step, where high 

temperatures drive the opposite reaction and release 

a clean CO2 stream, the CaO materials first undergo 

a carbonation step reaction with CO₂ to generate 

CaCO3. 

• Adsorption-based technology - Through physical 

interactions, the carbon dioxide in the flue gas is 

adsorbed selectively on the surface of a porous solid 

in this process. Next, to encourage the release of 

CO2, temperature and pressure variations are applied 

to the porous material. MOFs, Zeolites, and carbon-

based compounds (activated carbon, graphene, etc.) 

are the most commonly utilized adsorbents. 

 
Figure 1 Carbon Capture Technologies, [4] 
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IV. Formation of MOFs 

In order to create periodic network crystalline structures with 

high porosities and large surface areas, metal-organic 

frameworks (MOFs) require the formation of chemical bonds 

between organic ligands2, which act as linkers, and metal 

ions, which act as nodes. This process makes MOFs 

promising for use in a variety of scientific and technological 

pursuits. Zeolites, MOFs, and absorbent materials have all 

received a lot of attention in the chemical sciences lately for 

a variety of uses in gas storage, energy, and sensing, [5]. 

Figure 2 Formation of MOF structure by formation of chemical 
bonds between the metal ions as nodes and the organic molecule 
as a linker, [5] 

V. Different types of MOFs 

The most often utilized metal ions in MOFs are Zn(II), Cu(II), 

Fe(III), and Zr(IV), and the most often used organic linkers 

have been terephthalic acid, trimesic acid, or 2-

methylimidazole. Many attempts have been made to prepare 

appropriate sorbents for the extraction of metal ions while 

overcoming the limited water stability of MOFs, [6] 

 
Figure 3 Examples of Metal–Organic Frameworks, [6] 

 

Below are some of the different types of MOFs, [3], there is 

not exhaustive as there exists over 90 000 types. 

 
Figure 4 Different types of MOFs, [3] 

 

VI. Zeolites 

Porous material research has yielded several uses over the last 

fifty years that directly affect both large-scale industrial 

processes and daily living. The best examples are porous 

aluminosilicates called zeolites. These materials porosity 

permits guest molecules to permeate into the bulk structure, 

 
2 an ion or molecule which donates a pair of electrons to the central metal 

atom or ion to form a coordination complex 

while the size and form of the pores confers shape- and size-

selectivity on potential incorporation guests. 

 

 
Figure 5 Representative zeolite frameworks, [7]  

VII. Zeolites vs MOFs 

Zeolites are materials that can be naturally occurring or 

synthetic, with porous chemical structures that are useful for 

catalysis and absorption. Man-made organometallic polymers 

with comparable porous properties are called MOFs, [9]. 

Zeolites and MOFs differ in that the units that make up the 

structure are purely inorganic in the case of zeolites, and 

hybrid inorganic-organic in the case of MOFs. While MOFs 

are frequently thought of as hybrid materials that resemble 

zeolites, they have begun to outperform them in terms of 

adaptability throughout the past years, [10].  

For gas adsorption and separation, metal-organic frameworks 

have the same benefits as other nanoporous solid materials, 

such as economical procedures. However, they excel in other 

areas as well, such as the capacity and selectivity of the 

materials being increased, the ease with which the pores' size 

and shape can be altered, and the ease with which chemical 

reactivity may be tailored. With MOFs, you can cut costs even 

more because you're using less material to treat the same 

quantity of gas stream. If your process involves gas 

separation, you want to think about examining the benefits 

and substitutes provided by MOFs, [11].  

 
Figure 6 The advantages of MOFs over Zeolites, [11] 

 

VIII. MOFs for Carbon Capture 

Because of its high efficiency (up to 98% capture), amine 

scrubbing is still regarded as the state-of-the-art. However, 

the main drawback of amine scrubbing is the high heat 

required to liberate CO2 that has been collected during 

adsorbent regeneration, which consumes an extra 10–30% to 

the energy output of the power plant, [10].   

Traditional adsorbent materials including zeolites, silicas, 

polymers, activated carbons, take up CO2 in a physisorptive 

manner through the use of weak interactions between CO2 

and the pore. Although MOFs also capture CO2 by 

physisorption a physical adsorption process when an atom or 

molecule in the gas phase attaches to a solid surface, their 
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ultrahigh surface areas give much higher uptake capacities 

compared to other materials, [3], as opposed to 

chemisorption, a process that transfers electrons between 

molecules and active sites on the surface material during an 

electrochemical process, [4]. Below is a comparison of the 

two process. 

Table 1 Physisorption vs Chemisorption 

Physisorption Chemisorption 

Low enthalpy3 of adsorption of 

the order of 20 to 40 kJ/mol 

High enthalpy of adsorption of 

80 to 240 kJ/mol order 

Reversable in nature Irreversible in nature 

Physisorption normally occurs 

at low temperatures and 

decreases with increasing 

temperature 

Usually occurs at high 

temperature and increases with 

the increase of temperature. 

No activation energy is needed High activation energy is 

sometimes needed 

It is not specific It is specific 

The state of adsorbate is the 

same 

The state of adsorbate 

molecules may be different 

from that in bulk 

Trace CO2 partial pressure is a major factor that is closely 

linked to gas diffusion and uptake, which corresponds to the 

adsorption kinetics and thermodynamics, for direct trace CO2 

capture from air or confined space. According to statistical 

thermodynamics, once CO2 molecules are adsorbed on 

adsorbents, their partial freedom (such molecular rotation) is 

limited in comparison to free molecules, resulting in a 

decrease in the entropy of CO2. Adsorption cannot proceed 

unless the enthalpy2 is less than zero, which guarantees that 

the total adsorption process's Gibbs free energy4 is less than 

zero, [11].  

The average flue gas produced by coal-fired power plants 

may include roughly 15% CO2, 75% N2, 5% H2O, 3% O2, and 

other trace amounts of gases such as nitrogen oxides (NOx) 

and sulphur oxides (SOx). In order for an MOF adsorbent to 

be useful for CO2 capture from flue gas, the following criteria 

must be met, [10]: 

• The adsorbent must be highly capable of adsorbing 

CO2. When a new MOF adsorbent is developed, 

gravimetric capacity is typically investigated, but 

volumetric capacity is one parameter that is 

frequently disregarded. Large volumes of adsorbents 

must be utilized since power plants continuously 

generate massive amounts of flue gas, and these 

adsorbents cannot occupy an excessive amount of 

space. 

• The adsorbent must be very selective for CO2 in 

comparison to other gases. Since CO2 makes only a 

small portion of flue gas, there shouldn't be much 

adsorption of N2, O2, and H2O vapor on the MOF 

adsorbent. 

• The adsorbent must possess strong mechanical and 

chemical stability. Many MOFs would collapse and 

lose their adsorption capability after prolonged 

exposure to flue gas containing water because they 

are sensitive to ambient moisture. 

 
3 Enthalpy - the measurement of energy in a thermodynamic system 

 

• The adsorbent must to be low cost and readily 

produced on a wide scale. The synthesis of ligands 

ought to commence with inexpensive precursor 

materials and be accomplished in the fewest possible 

steps. 

• It should be possible to regenerate the adsorbent 

with little additional energy. The main motivation 

behind the development of alternative adsorbents, 

such as MOFs, is the substantial energy penalty 

required for the regeneration of amine scrubbing 

solutions. 

• The MOF adsorbents should have strong mass 

transfer and thermal conductivity. When MOFs are 

closely spaced, as in a bed system, CO2 should be 

able to enter (adsorb) and exit (desorb) with ease in 

response to suitable stimuli, including swings in 

pressure or temperature. 

IX. Limitation of MOFs 

Highly crystalline materials are vulnerable to full breakdown 

in exhaust settings due to mechanical and chemical stresses, 

which is not a desirable consequence, After being exposed to 

wet air, pore structural integrity was tested on a model MOF 

structure, MOF-5, and mechanical properties were measured. 

Analyses showed that for reliable gas storage operations, one 

must remain inside the recommended stability window of 3.5 

hours of exposure to wet air in order to prevent structural 

collapse, [13]. Metal ion coordination bonds with organic 

ligands are vulnerable to attack by water molecules. Pure 

MOF powders' low processability, brittleness, and 

insolubility limit their usefulness in water treatment, which is 

another drawback. Further impeding their broad use is the 

consumption, loss, and blockage of MOFs in reactor 

pipelines, as well as the lengthy and difficult recycling 

process, [14]. 

X. MOFs Research in South Africa 

Research conducted by the University of Johannesburg, [15] 

investigated the use of MOFs for cost effective adsorbent for 

removal of hazardous elements from polluted water - 

Polyethylene Terephthalate (PET) plastic waste. And findings 

included that the MOFs-based water treatment technology 

offers cost effective ways to address contaminated water. 

However, the creation of MOFs is expensive, which makes it 

difficult to implement effectively. Research conducted by a 

collaboration amongst HySA Infrastructure Centre 

of Competence, University of Johannesburg and University 

of Pretoria found that many problems currently prevent the 

broad commercial use of metal-organic frameworks (MOFs) 

for lightweight gas storage, despite the substantial research 

conducted on these extraordinary materials' potential uses. 

MOF materials are typically generated in a powdered state 

and frequently need to be shaped in order to achieve features 

specific to a given application, [16]. CSIR is also conducting 

a study on ‘DEVELOPMENT OF PRISTINE POROUS 

CARBONS AND THEIR COMPOSITES FOR HYDROGEN 

STORAGE APPLICATIONS’ that has  revealed multiple ways 

that have the potential to facilitate the manufacturing of 

4 a quantity that is used to measure the maximum amount of work done in a 
thermodynamic system when the temperature and pressure are kept 

constant 

DocuSign Envelope ID: 6809A8A7-CD60-4BB1-85FC-10340A56DC55



4 
 

carbonaceous materials that are desirable at comparatively 

reduced costs. Various methods are being investigated by 

scholars, [17]. 

XI. Conclusion 

The growing interest in the capabilities of MOFs as an option 

for capturing CO2 from flue gas has yielded great insights. 

For example, at this stage it has been established which 

criteria must be followed in order for MOFs to be useful in 

the capturing of CO2. It is evident by the publications on line 

that MOFs are widely researched, especially for carbon 

capture, however in the South African context there seems to 

be little to no research in this regards. South African 

institutions have conducted desktop studies on MOFs, and 

most recommendations are pointing towards the 

establishment of laboratory research facilities and scaling up 

of experiments to demonstratable projects. It is also 

encouraging to find work being conducted by local 

universities and research councils, even though the research 

has not necessarily focused on carbon capture.  
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