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Abstract 

This paper reviews various separation techniques used in purification pro-

cesses to remove pollutants like carbon dioxide and hydrogen sulfide from 
petroleum products. The most effective techniques include absorption, ad-
sorption, cryogenic distillation, chemical looping combustion, and mem-

brane separation. The study reviews over 100 published studies to assess 
their characteristics, benefits, and drawbacks. The choice of separation 

technology depends on ideal conditions, cost, efficiency, and energy re-
quired in the regeneration phase. 
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Key findings 

● Different undesirable materials in natural gas cause unacceptable problems for the health and quality of the petroleum 

product.   

● A comparison was made between the various methods used for separating the petrolium product pollutants (acid gases). 
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1. Introduction 

Fossil fuel is a popular energy source, with the overall 

power required expected to increase by at least a third 

and the quantity of electricity consumed – to double in 

five decades [1]. Common oil and natural gas, containing 

harmful components like carbon dioxide and hydrogen 

sulfide, can rapidly increase climate change due to their 

combustion and emission of the pollutants [2].  

Gas separation technologies are crucial for extracting 

acid gases from natural gas, reducing carbon dioxide 

concentration to 2–3 mol.%, improving heating effi-

ciency, preventing solid carbon dioxide hydrates, pre-

venting corrosion, and reducing pipeline capacity with 

inert gas [3]. 

Acidic gas separation techniques include different 

technologies such as sorbents or solvents, cryogenics, 

membranes, and chemical looping combustion [4]. Chem-

ical absorption is a common method for removing CO2 and 

H2S from gas mixtures, involving CO2 reactions with com-

monly used solvents like alkanolamine, where the purity 

of carbon dioxide typically exceeds 99.9% [5,6]. Cryo-

genic distillation is a preferred method for CO2 capture, 

particularly for concentrations up to 10 mol.%, due to its 

lower environmental impact compared to chemical ab-

sorption. The cryogenic process's main drawback is that 

high-pressure cryogenic columns, due to the Joule-Thom-

son effect, can produce dry ice [7]. 

Membrane contactor technology is a widely used tech-

nique for capturing high CO2 and H2S concentrations due to 

its low-sized absorption unit and freedom from restrictions 

like foaming, channeling, and coalescence, making it an ef-

ficient and cost-effective method for CO2 capture. 

This study reviews various works on acid gas re-

moval through various sweetening processes. It provides 

an overview of different types of sweetening processes, 

discusses their characteristics and advantages, and com-

pares different separation and sweetening procedures. 
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The goal is to provide suggestions for choosing tech-

nologies or their combinations for various applications, 

ensuring an accurate and perfect choice for acid gas re-

moval. The study also highlights the advantages of each 

process and its use. 

2. Acid gas capture technologies and 

carbon storage 

Marketing operations must consider economic, safety, 

environmental, and ecological factors. The process of 

CO2 separation should be energy-efficient. Common pro-

cesses for post-combustion removals include absorption, 

adsorption, cryogenic distillation, membrane separa-

tion, and chemical looping, as shown in Figure 1. 

Carbon dioxide is separated and compressed to con-

vert it into a liquid for storage and transportation. It can 

be stored permanently by injecting it into porous rocks 

or under the ocean's surface. Captured carbon dioxide is 

used to convert it into valuable materials, increasing oil 

extraction. It is also used in the manufacturing of syn-

thetic or hydrogen-based hydrocarbon fuels, food and 

drink processing, agriculture, medicine, pulp and paper 

steel (injection to metal casting), the petroleum industries 

(urea manufacturing, fuels), and water treatment [8,9]. 

2.1. Absorption  

Absorption is an essential process for acid gas extraction 

from a gas mixture and involves dissolving undesired 

gases such as CO2 in a solvent [10]. Standard-packed col-

umns are commonly used in absorption processes in re-

fineries, petrochemical facilities, natural gas manufactur-

ing, and chemical processes, as illustrated in Figure 2. 

The acid mixture is fed into the absorption column 

(absorber), in which the solution captures CO2 or H2S. 

The acidic-rich mixture is supplied into a heat exchanger 

to raise the temperature of the solution, then to a regen-

erator column to remove the acid gases. 

 
Figure 1 Overview of acid gas capture technologies. 

The absorption process involves returning lean absor-

bent to the absorber after cooling, enhancing separation 

efficiency. This process offers affordable raw materials, 

low heat capacity, fast kinetics, high CO2 adsorption ca-

pacity, high selectivity, and stability under extensive cy-

cling under thermal, chemical, and mechanical condi-

tions; for these reasons, it is widely used [11]. Absorp-

tion technologies involve two main categories: chemical 

and physical absorption. 

2.1.1. Chemical absorption 

Chemical absorption is a process where acid gases in a 

gas stream react with a solvent to create an intermedi-

ate product, eliminating acid gases from the exit flue 

gas. Efficient absorption-based CO2 collection relies on 

choosing solutions with ideal thermal and physical 

characteristics as well as acid-base equalization pro-

cesses in alkaline liquids [12]. Gas streams with high 

gas amounts and lower CO2 partial pressures require 

numerous chemical solvents, increasing the cost of 

funds and energy. Chemical absorption includes the fol-

lowing solvents : 

Amines group. Amine solutions are commonly used 

in absorption processes due to their strong absorption of 

carbon dioxide and excellent selection of acidic gases. 

However, they have disadvantages such as apparatus 

corrosion, high energy requirements during regenera-

tion, and solvent losses due to evaporation. To overcome 

these issues, some developments include using mixed 

amine compounds instead of individual ones, minimiz-

ing circulation rate, and reducing energy during regen-

eration [13]. 

Three types of amine solutions exist, primary (mo-

noethanolamine-MEA), secondary (diethanolamine- 

DEA), and tertiary (methyldiethanol amine-MDEA), each 

with unique characteristics such as absorption, corrod-

ing, reactivity, and selectivity of acidic gases. 

MEA and DEA are widely used commercially for 

chemical-based adsorption due to their affordability, 

good interaction, and impressive absorption capacity 

[14]. 

  
Figure 2 Schematic diagram of the absorption process. 
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MEA and H2O react to absorb CO2 from gas streams, 

producing amine protonate, bicarbonate, and carba-

mate. MEA reacts faster with CO2 than MDEA, but MDEA 

has a larger absorption ability and faster regeneration 

time [15].  

Experiments show that blending amine with specific 

solvents improves separation efficiency and energy con-

sumption in desorbed columns. Combining MEA solvent 

with methanol increases carbon dioxide extraction, uses 

less energy, and thus reduces regenerative heat duty 

[16]. Exxon Research and Engineering Company in-

vented 2-amino-2-methyl-1-propanol (AMP), an amine-

hindering compound [17]. 

Artanto et al. found a successful substitute for MEA, 

a blend of 25 wt.% from 2-amino-2-methyl-1-propanol 

(AMP) and 5 wt.% Piperazine (PZ). They noticed that PZ 

has a low chemical attraction, is 50 times faster than 

MEA, and has minimal regeneration capacity [18]. 

MDEA is used to capture H2S and CO2 when both acid 

gases are present, while DEA is typically used for H2S 

alone due to its preference for H2S over CO2 [19]. R. Idem 

et al. [20] demonstrated lower energy consumption and 

reduced circulating rates for amine mixtures with a mix-

ture ratio of 1/4 (MDEA/MEA) in a monoamine system 

with similar total amine contents using pilot carbon di-

oxide capture units. The Khurmala field research in Iraqi 

Kurdistan was focused on gas sweetening, examining es-

sential amine process parameters like circulation rate 

and amine content. The study found that using DEA (35% 

w/w) was the most recommended approach [21] . 

Ammonia solution. Ammonia is a cost-effective sol-

vent substitute for MEA due to its excellent carbon diox-

ide absorption, lower corrosiveness, and less deteriora-

tion sensitivity. The reaction between NH3 and CO2 ini-

tially produces carbamate due to ammonia availability. 

In the last stage, bicarbonate compounds form with de-

creased NH3 content, as shown in equations (1–3) [22]. 

Bicarbonate production is preferred due to its lower 

breakdown heat compared to carbonate. 

2NH3 + CO2 ⇔ NH2COONH4 (1) 

NH2COONH4 + H2O ⇔ NH4HCO3 + NH3 (2) 

NH4HCO3 + NH4OH ⇔ (NH4)2CO3 + H2O (3) 

Zhu et al. found that increasing the ammonia content 

can enhance the separation efficiency to 99% [23]. 

Aqueous ammonia is a suitable choice for CO2 separation 

due to its numerous advantages, including the ability to 

eliminate SOx, NOx, and mercury from flue gas, and the 

possibility of using the byproducts as fertilizers. In a 

coal-powered power plant, using aqueous ammonia re-

duces energy costs and CO2 separation costs signifi-

cantly, making it an efficient solution [24]. 

Ionic liquid. Ionic liquids (IL) have modest vapor 

pressure, excellent thermal conductivity, high polarity, 

non-toxicity, and ability to regulate carbon dioxide solu-

bility and specificity, but their poor operational capacity 

hinders their widespread use in carbon capture [25].  

Fluorination can enhance the absorption rate of anions, 

including those with long alkyl chains or non-fluorinated 

substituents with carbonyls, esters, or ether groups [26]. 

Ionic liquids can be applied through physical or 

chemical processes, with the physical absorption method 

being most effective for capturing acid gases from natu-

ral gas, particularly carbon dioxide with a high content 

and pressure of around 14.5 psi, due to their low vapor 

pressures and reduced solvent loss issues [27]. 

The IL molecule, which contains an amino-function 

component called a task-specific ionic liquid (TSIL), can 

interact with CO2 in chemical ionic liquid absorption. The 

study found that TSIL has a higher physical absorbance 

for carbon dioxide than IL due to its viscosity, attributed 

to the hydrogen bond between cation and anion [28]. 

2.1.2. Physical absorption 

The process involves using physical solvents to absorb 

acidic gases without chemical reactions, removing car-

bon dioxide and hydrogen sulfide. Water is the most suit-

able solvent, along with pure absorbers like methanol, 

N-methyl-2-pyrrolidone, dimethyl ether, and solvents 

like Ifpexol™, Fluor™, Purisol™, Sulfinol™, and Morphy-

sorb™ [12]. The partial pressure of acid gases signifi-

cantly impacts separation efficiency, as increased pres-

sure leads to improved performance while decreasing 

the physical solvent circulation rate [29]. Physical ab-

sorption often requires significantly lower regeneration 

power due to weak interactions between the solvent and 

the absorbed gas.    

2.2. Adsorption 

Adsorption is the attraction between particles, ions, or 

atoms and a solid surface, regardless of their state. Solid 

adsorption may be a more effective method for capturing 

acid gas due to its superior gas-liquid contacting area, 

low CO2 loading, and less corrosion. Solid adsorption 

may be a better option for capturing acid gas due to its 

lower energy required in the regeneration step, superior 

selection and operating capacity, affordable price, and 

greater theoretical temperature of the operation band 

(usually ranging from room temperature to 700 °C) 

[30].  

Figure 3 demonstrates a typical scheme for the ad-

sorption process of acid gas over permeable solid mate-

rials. Adsorption and regeneration are the two major 

processes, which work in cycles. The feed gas is supplied 

to a solid adsorbent surface, which selectively adsorbs 

CO2 until equilibrium is reached. Active adsorbents in-

clude CaO, alkali silicates, zeolites, carbon activated, 

carbon nanotubes, carbon nanofibers, graphene, and 

molecular sieves [31, 32]. Adsorbents can be regenerated 

through vacuum-swing adsorption, pressure-swing ad-

sorption, or a combination of vacuum-pressure swing 

https://doi.org/10.15826/chimtech.2023.10.4.03
https://doi.org/10.15826/chimtech.2023.10.4.03


Chimica Techno Acta 2023, vol. 10(4), No. 202310403 REVIEW 

 4 of 12 DOI: 10.15826/chimtech.2023.10.4.03

   

adsorption [33]. Adsorbents can be physical or chemical, 

depending on the materials used. 

2.2.1. Chemical adsorbent 

Chemisorption is an adsorption process involving the re-

action between improved surfaces and adsorbed materi-

als, including amino groups, metal oxides, and double 

salts, which are high-temperature adsorbents [34]. 

The regeneration step, typically at elevated tempera-

tures, reverses the chemical reaction path by freezing 

amine compounds to form a solid layer for acidic gas ab-

sorption. Molecular basket sorbent (MBS) is another 

substance that works as a sorbent, made of polyeth-

yleneimine (PEI), a new amine sorbent using a unique 

nanoporosity polymer [29]. 

A carbonation reactor regenerates an adsorb column 

by converting metal oxides like CaO into metal car-

bonates like CaCO3 at 649.85 °C and 849.85 °C, thereby 

creating a suitable storage stream [35]. 

2.2.2. Physical adsorbent 

Physical adsorption (physisorption) is another method 

for adsorbing acid gases without chemical reactions, us-

ing a normal solid surface. It relies on weak van der 

Waals forces and uses substances like alumina, zeolites, 

carbon-based materials, porous polymer networks, and 

covalent organic frameworks (COFs) to prepare the solid 

bed for the separation process [36]. Zeolites, crystalline 

aluminosilicates, are effective for CO2 extraction due to 

their strong adsorption properties, but their shape and 

charge density are weakened by water, weakening the 

bonding [37]. MOFs, formed by metal ions and chemical 

ligands, are easy to develop and synthesize and have 

high porosity and specific pore characteristics. Zhou's 

group studied MOFs' ability to capture carbon dioxide, 

finding that they have remarkable CO2 adsorption capa-

bilities for pure CO2, but their absorption capabilities de-

crease when in contact with a gas mixture [38, 39]. 

The pressure swing procedure is used for adsorption 

and deactivation, utilizing a decrease in pressure to de-

sorb carbon dioxide trapped under high pressure from 

solids. 

 
Figure 3 Diagram of the acid gas adsorption process. 

The temperature is reduced during adsorption and 

increased during desorption, using a reverse strategy, 

indicating that absorption capacity increases with in-

creasing CO2 partial pressure and temperature. 

2.3. Cryogenic distillation 

The cryogenic method involves the condensation, sepa-

ration, and purification of CO2 from a gas mixture at low 

temperatures, with the freezing point for pure CO2 being 

195.5 K at atmospheric pressure. Figure 4 describes the 

cryogenic procedure. A pre-cooler cools feed gas, which 

is then cooled by a heat exchanger to low temperatures. 

Several vapor-liquid contact devices (such as trays or 

packing) are present in the column.  

The distillation column receives the cooled feed gas, 

with topping and bottom products making up most ele-

ment steam. A partial condenser removes methane sep-

arated at the top, ensuring efficient distillation. The dis-

tillation column collects condensed CO2 at its base, 

which is vaporized using reboiler heat before returning 

to the column.  

The remaining CO2 stream is separated, and the sep-

arator is used to extract the cleaned CO2 product [40]. 

This approach outperforms previously used separation 

technologies in CO2 extraction by 99.17% [41]. This pro-

cess allows for the direct production of liquid CO2 

through pumping, allowing for high-pressure storage 

and sequestration of components [42,43]. 

The low-temperature method is not widely used in 

separation due to its high operating costs and high en-

ergy requirements during the cryogenic process [44]. 

The experiment showed a significant reduction in energy 

consumption, methane losses, and size demands when 

using amplified hybrid cryogenic distillation systems. 

2.4. Chemical looping combustion (CLC) 

The proposed method is a highly energy-efficient alter-

native for capturing acidic gas, enabling the natural sep-

aration of CO2 and water from the gas stream [45]. The 

CLC process involves two reactors: an air reactor and a 

fuel reactor, as shown in Figure 5. The air reactor's oxy-

gen-containing "O2 carrier" oxidizes metal particles like 

iron, manganese, or copper, forming metal oxides. 

 
Figure 4 Cryogenic Distillation procedure. Adapted with  

permission from [40] © 2018 Elsevier Ltd. All rights reserved. 
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These are sent to the fuel reactor, where they react 

with the fuel. During combustion, metal oxides reduce, 

releasing CO2 and H2O along with energy. Purified CO2 

can be obtained by condensing flue gas [46]. The oxygen 

is diverted via fuel and air reactors, facilitated by oxygen 

carriers between two units to prevent nitrogen from be-

ing released into combustion exhaust. The primary bar-

rier to scaling up the CLC procedure is the lack of suita-

ble efficient oxygen carriers (OCs) [47]. 

A recent study emphasized the importance of the O2 

carrier in improving the performance of the CLC process. 

The researchers used density functional theory (DFT) to 

study the electronic and structural properties of materi-

als and identify basic microscopic mechanisms, aiming to 

design an O2 carrier with high performance in separation 

[48]. High-pressure functioning is crucial for optimal per-

formance, but it may also benefit carbon capture and stor-

age technology, with recent energy assessments showing 

that calcium-looping post-combustion procedures can 

only experience a six to eight percent power loss [49].  

Since 2004, continuous studies on gaseous fuel have 

been conducted, revealing multiple applications of CLC. 

Solid fuels have also been extensively studied due to 

their significant contribution to carbon dioxide emis-

sions [50]. The research reviews various types of munic-

ipal solid waste (MSW) and discusses reactor designs 

used for CLC, with fluidized bed reactors being the pre-

ferred choice due to their ability to achieve significant 

and homogenous solid-gas mass transfer [51]. Bio-mass 

fuels can achieve zero emissions and mitigate environ-

mental impacts throughout their life cycle [52]. 

2.5. Membrane separation 

Membranes, porous or semi-permeable filters, are effec-

tive in extracting carbon dioxide from gas mixtures. 

They consist of organic (like polymeric membranes) or 

inorganic materials (like carbon, ceramic, zeolite, metal-

lic materials, etc.), and can be categorized into matrix 

mix membranes, which are derived from various sub-

stances [53].  

The membrane's working principle is the pressure 

difference across the membrane contactor, produced by 

pushing the gas stream or generating suction. 

 
Figure 5 Overview of Chemical looping combustion (CLC).  

Reproduced from [45] © 2020 Elsevier B.V. 

The acid gas product's quality is determined by selec-

tivity and penetration, influenced by material choice 

[54]. 

Membrane technology is widely utilized in indus-

tries due to its effectiveness, simplicity, high selectiv-

ity, penetrability, energy efficiency, continuity, ease of 

control, easy scale-up, flexible design, and environ-

mental friendliness [55,56]. High-pressure post-com-

bustion procedures like integrated gasification com-

bined cycles are more suitable for membranes in real-

ity. Schlumberger and PETRONAS successfully con-

structed and operated the CYANARA PN-1 acid gas ex-

traction membrane unit at Malaysia's Terengganu Gas 

Terminal in 2017 [57]. 

The membrane process involves the adhesion of gas 

molecules to the membrane's high-pressure side, trans-

iting through the membrane's internal compartment, 

and ultimately ending on the low-pressure side of the 

membrane, as illustrated in Figure 6. 

The membrane's pores should remain dry and open for 

optimal performance, ensuring a broad contact area (Fig-

ure 7a). This is achieved by selecting an absorbent solu-

tion with high surface tension and a membrane with 

larger hydrophobicity. The material used for absorption 

must also strongly and selectively attract the gas for suc-

cessful separation [58]. 

 
Figure 6 Schematic of the mechanism of membrane penetra-
tion. Reproduced from [53] © 2022 Elsevier Ltd. All rights re-

served. 

 
Figure 7 Schematic for porous and non-porous membranes. Re-

produced from [56] © 2021 Elsevier B.V. All rights reserved. 
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2.5.1. Polymeric membranes 

Polymeric membranes are widely used due to their high 

performance, affordability, and simplicity in manufac-

turing, making them easier to manage than inorganic 

membranes [59]. Polymeric materials like cellulose ace-

tate, polyimide, polysulfones, and perfluoro polymer are 

widely used for gas separation, with polyimide and cel-

lulose acetate being the most commonly used commer-

cial membranes [60]. 

Zhang et al. pointed out that a polyimide membrane 

effectively separates CO2 from natural gas [61]. Trifluo-

romethyl group-containing polyimides are highly selec-

tive towards penetration for various gases, and can be 

solubilized in various organic solutions, attracting atten-

tion for their potential applications [62]. Glassy poly-

mers, including polyimide, may experience physical deg-

radation, potentially reducing gas rates and decreasing 

permeability and selectivity in the long run [63]. Farro-

khara and Dorosti studied polysulfones, highlighting 

their superior mechanical properties, thermal and chem-

ical stability, and ease of membrane processing [64]. Fa-

bien Porcheron's team compared polymeric membranes 

like polypropylene (PP), nylon, polytetrafluoroethylene 

(PTFE), and polyvinylidene fluoride (PVDF), finding that 

they were hydrophobic. However, after a week, the con-

tact angle of nylon and PVDF decreased to 0°, especially 

at high temperatures [65].  

Fashandi et al. utilized polyvinyl chloride (PVC) for 

CO2 capture due to its affordability, hydrophobicity, and 

suitable structure, achieving high absorption efficiency 

through spindle optimization [66]. 

2.5.2. Ceramic membrane 

Ceramic membranes offer superior thermal and chemi-

cal resilience compared to polymeric membranes, mak-

ing them suitable for over a hundred purification pro-

cesses [67,68]. The Deca-Dodecasil 3 Rhombohedral (T) 

zeolite demonstrated excellent selection and porosity for 

CO2/CH4 in various zeolite-based inorganic membranes 

[69,70]. Metal oxides, specifically AL2O3 and SiO2, are 

used as additional materials to create these membranes. 

The membrane's hydrophilic surfaces, containing OH 

groups, are a result of a wetted membrane, as depicted 

in Figure 7b. To address the issue, fluoroalkyl silane can 

be applied to the outer surface of ceramic membranes, 

resulting in higher interfacial porosity and larger gas 

permeability than those of the polymers due to de-

creased hydroxyl group content, as shown in Figure 8. 

To enhance surface properties, it is essential to manage 

conditions during the process, such as polymer concen-

tration, coagulant type, vapor exposure time, and tem-

perature [71]. The hydrophobic Al2O3 hollow fiber mem-

branes were prepared from an Al2O3/PES solution [72].  

A hollow fiber membrane (HFM) is crucial in a mem-

brane contactor (MC) device for successful separation, 

allowing two phases to exchange components directly 

without mixing, as shown in Figure 9. In this device, the 

gas mixture flows inside the hydrophobic membrane while 

another absorbent, which is either water or amine, flows 

on the other side to complete the purification process. 

The membrane conductor system uses the hydropho-

bic HFM system to adsorb the acid gas from the gas mix-

ture by passing the absorbent such as water or amine 

flowing from the other side of the device to complete the 

purification process  [74]. Table 1 summarizes the stud-

ies that have been applied in membrane separation pro-

cesses and their properties, as well as applications for a 

variety of membranes. 

2.5.3. Mixed-matrix membrane (MMM) 

MMM, or a hybrid membrane, enhances ceramic and pol-

ymeric membranes, increasing efficiency in the gas sepa-

ration applications. Its ease of manufacture and cross-

Robeson's upper boundaries make it preferred over poly-

meric membranes due to improved gas selection and pen-

etration [75, 76].  

Goh et al. analyzed gas transport specifications, 

preparation methods, and challenges for Metal-organic 

frameworks (MOFs) to identify potential additives in 

mixed matrix membranes to enhance gas separation 

efficiency and address marketing issues [77]. 

Mixed matrix membranes can incorporate inorganic 

micro- or nanoparticles into a polymer framework, im-

proving its physical, thermal, and mechanical proper-

ties. However, these membranes are expensive, fragile, 

and are not commercially accessible [78]. 

 
Figure 8 The hydrophobization process. Adapted with permis-

sion [73] © 2021 Elsevier B.V. All rights reserved. 

 
Figure 9 Schematic membrane contactor module with hollow 
fiber membrane according to the counter-current module and 

longitudinal flow on the shell side. 
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3. Compendium 

Carbon capture involves various methods, requiring 

technological and financial considerations such as gas 

mixture composition, purification, plant fees, economic 

analysis, infomercial expertise, process serviceability, 

and flexibility. Table 2 outlines the differences in separa-

tion technologies, their properties, advantages, and draw-

backs, with appropriate references. This helps in selecting 

the most suitable method for carbon separation. 

4. Limitations 

This article discusses various methods for purifying 

pollutants in petroleum products, including active 

methods for separating undesirable compounds like 

CO2 and H2S. These methods aim to produce clean prod-

ucts with high calorific value and less pollution, partic-

ularly after combustion. Each type has unique charac-

teristics, advantages, and disadvantages, with the 

main choice based on the concentration of acid gas in 

the gas mixture.  

5. Conclusion 

Recent advancements in technology have shown promise 

in reducing CO2 emissions, but each technology has 

unique operational requirements, benefits, and disad-

vantages.  

‒ Chemical absorption is more efficient than physical 

absorption, with amine compounds accounting for 90% 

of CO2 capture. Despite challenges like high energy re-

generation, corrosion, and degradation, innovations like 

mixing amine compounds can reduce circulation rate 

and energy during regeneration, making them a viable 

alternative.  

‒ The evaluation of the potential benefits of absor-

bents, including ionic liquid, alkaline absorbents, and 

mixes, should not be limited to alkanol amines. 

‒ Adsorption is a promising method for carbon capture, 

offering energy-efficient regeneration, increased work-

ing capacity, and low cost. It operates well in high pres-

sures and cold temperatures. Chemically altered adsor-

bents, like amine-based ones, have excellent sorption ca-

pacities, moisture resistance, and CO2 selection. 

‒ Cryogenic separation offers superior CO2 extraction 

(99.17%) but requires high energy due to low tempera-

tures during the condensation stage. 

‒  The primary objectives for chemical looping com-

bustion should be to improve the durability of metal ox-

ides and establish showcase facilities. 

‒  The membrane separation method presents the pos-

sibility of reducing operating costs, especially with the 

improvement of the membrane materials to resist ex-

treme temperatures, degradation, and pollutants.  

The reduction of acid gas emissions in energy tech-

nologies, particularly high-power fossil-fueled ones, ne-

cessitates significant research and development to cap-

ture, store, and utilize CO2 effectively using sustainable, 

industrially feasible, and cost-effective technologies. 
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Table 1 Characterization and properties of the membrane separation process. 

Membrane 

used 

Applica-

tion 

Absor-

bent 
Modification method Comment 

Contact angle 

(°) 
Ref. 

CHFM MD – 

modified via dip-coating 

with PMHS/TEOS hybrid 

solution 

the surface-modified CHFM demon-
strated the capability of processing 

feed solution with a saltiness of 

35,000 ppm and 6.7 L/m2h of flow 

08.2–124.1 [79] 

Silica sand 

CHFM 
MD – (FAS17) and (PVDF-HFP) 

fabricate (SCHFM) to minimize 

wetting and make good membranes 

for seawater treatment with high-
purity 

water (167), 

red palm oil 
(157), and 

ethanol 

(146.1). 

[80] 

PVDF-SiO2  
CO2  

capture 
Water 
&DEA 

C19H42O3Si 
achieved good CO2 absorption flux 

and long-term in the MC 
159.3 [81] 

Alumina 

membrane 
(MMM) 

silica 

aerogel 

bis(trimethylsilyl)hexane 
(BTMSH), tetraethyl or-

thosilicate (TEOS) 

the composite membrane was uti-

lized three times for one-day cycles 

of CO2 absorption and ran con-

stantly for at least 3 days 

150 [82] 

Kaolin HFM 
CO2  

capture 
water FAS 

modified kaolin-HFM having a very 
hydrophobic surface 

142 [83] 

Note: CHFM – ceramic hollow fiber membrane; MD – membrane distillation; PVDF – Polyvinylidene fluoride; MMM mixed matrix mem-

brane; HFM – hollow fiber membrane; FAS – perfluorodecyltriethoxysilane; SiO2 – silicon dioxide; DEA – diethanolamine;  

C19H42O3Si – hexadecyltrimethoxysilane.
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Table 2 Comparison between the separation technologies and their properties. 

Separation 

technology 
Materials Advantages Disadvantages 

Scale-up capa-

bility 
Ref. 

absorption 

absorbent 

(aqueous-

alkanolamine, 

ammonia, 

Selexol, etc.) 

– some solvents are cheap; 

he t( 2large absorption of CO –

amine method is estimated to 

in 2 95% of the CO–capture 85

flue gas with a purity above 

99.95%; 

– safe absorbent; 

– no effect on the environment 

(no hazardous). 

– high thermal 

decomposition solvent 

losses; 

– highly energetic usage 

when regenerating solvent; 

– requires high pressure;  

– cost is elevated 

(chemical absorption). 

industrial [84–90] 

adsorption  

adsorbent 

(Alumina, 

Zeolite, CaO, 

MgO) 

– sorbents are fairly inexpen-

sive; 

– CO2 capture 80–95%; 

– minimal waste creation; 

– decrease in pressure and 

adsorbent loss; 

– safe adsorbent (no corrosion). 

– the lower quality of the 

;extracted isthat  2CO 

– the process is slow; 

– after some time, the 

solid bed needs to be 

activated. 

industrial [91–94] 

cryogenic 

distillation  

low 

temperature 

– no requirement for chemicals 

or solutions; 

– usage that can easily enhance 

to industrial scale; 

– high capture efficiency 

99.17%. 

 

– significant financial cost; 

– the amount of energy 

should be high (for refrig-

eration), the chemical in-

dustry uses approximately 

40% of its energy to 

achieve the high purity of 

acidic gas removal needs; 

– to prevent blockage by 

crystallization, gas stream 

humidity reduction is nec-

essary before chilling. 

pilot, industrial [95–97] 

chemical 

looping 

composition 

– air&fuel 

reactor; 

– metal oxide. 

– cost is low; 

– purity almost 99.96%; 

– necessary to work under 

elevated pressure. 

 

– absorbents made of 

compound oxides; 

– adjustments to the 

process design for 

effective and reliable 

oxygen-carrier substance; 

– high pressure. 

– power 

generation 

sector; 

– pilot (under 

investigation). 

101]–[98 

membrane 

separation 

organic, 

inorganic, 

hybrid 

membrane 

– a very easy process; 

;95%–capture 80 2CO – 

– it was Continuous, steady-state 

technology; 

– fixable parts and modularity.  

– high manufacturing costs 

for innovative membranes  

– energy intensive because 

it is crucial to absorb the 
heat of flue gas. 

experimental, 

industrial 
[102–105] 

● Author contributions  

Conceptualization: I.H.S., F.Y.A. 

Data curation: I.H.S. 

Formal Analysis: I.H.S., F.Y.A. 

Funding acquisition: I.H.S., F.Y.A. 

Investigation: I.H.S. 

Methodology: I.H.S. 

Project administration: I.H.S. 

Resources: I.H.S. 

Software: I.H.S. 

Supervision: I.H.S. 

Validation: I.H.S., F.Y.A. 

Visualization: I.H.S. 

Writing – original draft: I.H.S. 

Writing – review & editing: I.H.S. 

● Conflict of interest 

The authors declare no conflict of interest.  

● Additional information 

Iltifat Hameed Saud is a researcher and Lecturer in the 

Department of Fuel and Energy, Engineering Technical 

College/ Basra, Southern Technical University, Iraq. 

Postgraduate courses, 2018–2019 at University 

Teknologi Malaysia, Department of Gas Engineering and 

Management, Faculty of Chemical and Energy Engineer-

ing. Scientific interest: chemical engineering research, 

petroleum refining, membrane distillation, separation 

technology, modeling & simulation. Scopus ID 

57365587300. 

https://doi.org/10.15826/chimtech.2023.10.4.03
https://doi.org/10.15826/chimtech.2023.10.4.03
https://www.scopus.com/authid/detail.uri?authorId=57365587300


Chimica Techno Acta 2023, vol. 10(4), No. 202310403 REVIEW 

 9 of 12 DOI: 10.15826/chimtech.2023.10.4.03

   

Dr. Forat Yasir Aljaberi is an assistant professor at 

the Department of Chemical Engineering, College of En-

gineering, Al-Muthanna University, Al-Muthanna, Iraq, 

where he has been involved in research and teaching. His 

research interest includes water and wastewater treat-

ment, environmental pollution, reactor design, crude oil 

products' modification, electrocoagulation, adsorption, 

and adsorbents. Scopus ID 57201193921. 

 

Websites: 

Southern Technical University. 

https://www.stu.edu.iq/en/; 

Al-Muthanna University, https://eng.mu.edu.iq/. 

References 

1. Suleman H, Fosbøl PL, Nasir R, Ameen M. Sustainable car-

bon capture: technologies and applications. Boca Raton 
CRC Press. 2022. doi:10.1201/9781003162780 

2. Araújo OQF, Reis AC, Medeiros JL, do Nascimento JF, 

Grava WM, Musse APS. Comparative analysis of separa-
tion technologies for processing carbon dioxide rich natu-

ral gas in ultra-deepwater oil fields. J Clean Prod. 2017; 

155:12–22. doi:10.1016/j.jclepro.2016.06.073 
3. Egging-Bratseth R. A techno-economic perspective on nat-

ural gas and its value chain. Gases. 2020;1(1):1–18. 

doi:10.3390/gases1010001 
4. Hafeez S, et al. CO2 capture using membrane contactors: a 

systematic literature review. Front Chem Sci Eng. 

2021;15(4):720–754. doi:10.1007/s11705-020-1992-z 

5. Kazmi B, Raza F, Taqvi SAA, Awan ZH, Ali SI, Suleman H. 

Energy, exergy and economic (3E) evaluation of CO2 cap-

ture from natural gas using pyridinium functionalized 

ionic liquids: A simulation study. J Nat Gas Sci Eng. 
2021;90:103951. doi:10.1016/j.jngse.2021.103951 

6. Yamada H. Amine-based capture of CO2 for utilization and 

storage. Polym J. 2021;53(1):93–102.  
doi:10.1038/s41428-020-00400-y 

7. Shafiq U, Shariff AM, Babar M, Azeem B, Ali A, Bustam A. 

Study of dry ice formation during blowdown of CO₂-CH₄ 

from cryogenic distillation column. J Loss Prev Process 
Ind. 2020;64:104073. doi:10.1016/j.jlp.2020.104073 

8. Podder J, Patra BR, Pattnaik F, Nanda S, Dalai AK. A re-

view of carbon capture and valorization technologies. En-
ergies. 2023;16(6):1–29. doi:10.3390/en16062589 

9. Peres CB, Resende PMR, Nunes LJR, Morais LCD. Advances 

in carbon capture and use (CCU) technologies: a compre-
hensive review and CO2 Mitigation potential analysis. 

Clean Technol. 2022;4(4):1193–1207.  

doi:10.3390/cleantechnol4040073 
10. Liu F, Rochelle GT, Fang M, Wang T. Volatility of 2-(di-

ethylamino)-ethanol and 2-((2-aminoethyl) amino) etha-

nol, a biphasic solvent for CO2 capture. Int J Greenh Gas 

Control. 2021; 106:103257. 
doi:10.1016/j.ijggc.2021.103257 

11. Lin Q, Zhang X, Wang T, Zheng C, Gao X. Technical per-

spective of carbon capture, utilization, and storage. Engin. 
2022; 14:27–32. doi:10.1016/j.eng.2021.12.013 

12. Madejski P, Chmiel K, Subramanian N, Kus T. Methods 

and techniques for CO2 capture: review of potential. Ener-
gies. 2022; 15:887. doi:10.3390/en15030887 

13. Zhang Y, et al. Functional biochar synergistic solid/liquid-

phase CO2 capture: a review. Energy Fuels. 

2022;36(6):2945–2970. doi:10.1021/acs.ener-
gyfuels.1c04372 

14. Dashti H, Zhehao Yew L, Lou X. Recent advances in gas 

hydrate-based CO2 capture. J Nat Gas Sci Eng. 
2015;23:195–207. doi:10.1016/j.jngse.2015.01.033 

15. Wang M, Lawal A, Stephenson P, Sidders J, Ramshaw C. 
Post-combustion CO2 capture with chemical absorption: a 

state-of-the-art review. Chem Eng Res Des. 

2011;89(9):1609–1624. doi:10.1016/j.cherd.2010.11.005 
16. Osman AI, Hefny M, Abdel Maksoud MIA, Elgarahy AM, 

Rooney DW. Recent advances in carbon capture storage 

and utilisation technologies: a review. Springer Int Publ. 

2021;19(2). doi:10.1007/s10311-020-01133-3 
17. Georgiadis AG, Charisiou ND, Goula MA. Removal of hy-

drogen sulfide from various industrial gases: A review of 

the most promising adsorbing materials. Catalysts. 
2020;10(5). doi:10.3390/catal10050521 

18. Artanto Y, et al. Pilot-scale evaluation of AMP/PZ to cap-

ture CO2 from flue gas of an Australian brown coal-fired 
power station. Int J Greenh Gas Control. 2014; 20:189–

195. doi:10.1016/j.ijggc.2013.11.002 

19. Shunji K, Xizhou S, Wenze Y. Investigation of CO2 desorp-

tion kinetics in MDEA and MDEA+DEA rich amine solu-
tions with thermo-gravimetric analysis method. Int J 

Greenh Gas Control. 2020; 95:102947. 

doi:10.1016/j.ijggc.2019.102947 
20. Idem R, et al. Pilot plant studies of the CO2 capture perfor-

mance of aqueous MEA and mixed MEA/MDEA solvents at 

the University of Regina CO2 capture technology develop-
ment plant and the boundary dam CO2 capture demonstra-

tion plant. Ind Eng Chem Res. 2006;45(8):2414–2420. 

doi:10.1021/ie050569e 
21. Abdulrahman RK, Sebastine IM. Natural gas sweetening 

process simulation and optimization: A case study of 

Khurmala field in Iraqi Kurdistan region. J Nat Gas Sci 

Eng. 2013; 14:116–120. doi:10.1016/j.jngse.2013.06.005 
22. Liu J, Wang S, Zhao B, Tong H, Chen C. Absorption of car-

bon dioxide in aqueous ammonia. Energy Proc. 

2009;1(1):933–940. doi:10.1016/j.egypro.2009.01.124 
23. Zhu D, Fang M, Zhong L, Zhang C, Luo Z. Semi-batch ex-

perimental study on CO2 absorption characteristic of 

aqueous ammonia. Energy Proc. 2011;4:156–163. 
doi:10.1016/j.egypro.2011.01.036 

24. Jiang K, Yu H, Chen L, Fang M, Azzi M, Cottrell A, Li K. An 

advanced, ammonia-based combined NOx/SOx/CO2 emis-

sion control process towards a low-cost, clean coal tech-
nology. Appl Energy. 2020;260:114316. 
doi:10.1016/j.apenergy.2019.114316 

25. Pahija E, Golshan S, Blais B, Boffito DC. Perspectives on 
the process intensification of CO2 capture and utilization. 

Chem Eng Process Intensif. 2022; 176:108958. 

doi:10.1016/j.cep.2022.108958 
26. Mejía I, Stanley K, Canales R, Brennecke JF. On the high-

pressure solubilities of carbon dioxide in several ionic liq-

uids. J Chem Eng Data. 2013;58(9):2642–2653. 
doi:10.1021/je400542b 

27. Dang LX, Wick CD. Anion effects on interfacial absorption 

of gases in ionic liquids. Molecular dynamics study. J Phys 

Chem B. 2011;115(21):6964–6970. doi:10.1021/jp201113c 
28. Bates ED, Mayton RD, Ntai I, Davis JH. CO2 capture by a 

task-specific ionic liquid. J Am Chem Soc. 

2002;124(6):926–927. doi:10.1021/ja017593d 
29. Zaman M, Lee JH. Carbon capture from stationary power 

generation sources: A review of the current status of the 

technologies. Korean J Chem Eng. 2013;30(8):1497–1526. 
doi:10.1007/s11814-013-0127-3 

30. Gunawardene OHP, Gunathilake CA, Vikrant K, Ama-

raweera SM. Carbon dioxide capture through physical and 

chemical adsorption using porous carbon materials: A re-

view. Atmosphere (Basel). 2022;13(3):397. 

doi:10.3390/atmos13030397 

31. Aquatar MO, Bhatia U, Rayalu SS, Krupadam RJ. Reduced 
graphene oxide MnO2 nanocomposite for CO2 capture from 

flue gases at elevated temperatures. Sci Total Environ. 

2022;816:151522. doi:10.1016/j.scitotenv.2021.151522 
32. Maniarasu R, Rathore SK, Murugan S. A review on materi-

als and processes for carbon dioxide separation and 

https://doi.org/10.15826/chimtech.2023.10.4.03
https://doi.org/10.15826/chimtech.2023.10.4.03
https://www.scopus.com/authid/detail.uri?authorId=57201193921
https://www.stu.edu.iq/en/
https://eng.mu.edu.iq/
https://doi.org/10.1201/9781003162780
https://doi.org/10.1016/j.jclepro.2016.06.073
https://doi.org/10.3390/gases1010001
https://doi.org/10.1007/s11705-020-1992-z
https://doi.org/10.1016/j.jngse.2021.103951
https://doi.org/10.1038/s41428-020-00400-y
https://doi.org/10.1016/j.jlp.2020.104073
https://doi.org/10.3390/en16062589
https://doi.org/10.3390/cleantechnol4040073
https://doi.org/10.1016/j.ijggc.2021.103257
https://doi.org/10.1016/j.eng.2021.12.013
https://doi.org/10.3390/en15030887
https://doi.org/10.1021/acs.energyfuels.1c04372
https://doi.org/10.1021/acs.energyfuels.1c04372
https://doi.org/10.1016/j.jngse.2015.01.033
https://doi.org/10.1016/j.cherd.2010.11.005
https://doi.org/10.1007/s10311-020-01133-3
https://doi.org/10.3390/catal10050521
https://doi.org/10.1016/j.ijggc.2013.11.002
https://doi.org/10.1016/j.ijggc.2019.102947
https://doi.org/10.1021/ie050569e
https://doi.org/10.1016/j.jngse.2013.06.005
https://doi.org/10.1016/j.egypro.2009.01.124
https://doi.org/10.1016/j.egypro.2011.01.036
https://doi.org/10.1016/j.apenergy.2019.114316
https://doi.org/10.1016/j.cep.2022.108958
https://doi.org/10.1021/je400542b
https://doi.org/10.1021/jp201113c
https://doi.org/10.1021/ja017593d
https://doi.org/10.1007/s11814-013-0127-3
https://doi.org/10.3390/atmos13030397
https://doi.org/10.1016/j.scitotenv.2021.151522


Chimica Techno Acta 2023, vol. 10(4), No. 202310403 REVIEW 

 10 of 12 DOI: 10.15826/chimtech.2023.10.4.03

   

capture. Energy Environ. 2023;34(1):3–57. 
doi:10.1177/0958305X211050984 

33. Cavenati S, Grande CA, Rodrigues AE. Separation of 

CH4/CO2/N2 mixtures by layered pressure swing adsorp-
tion for upgrade of natural gas. Chem Eng Sci. 

2006;61(12):3893–3906. doi:10.1016/j.ces.2006.01.023 

34. Al-Mamoori A, Krishnamurthy A, Rownaghi AA, Rezaei F. 

Carbon capture and utilization update. Energy Technol. 
2017;5(6):834–849. doi:10.1002/ente.201600747 

35. Jiang L, Liu W, Wang RQ, Gonzalez-Diaz A, Rojas-Michaga 

MF, Michailos S, Pourkashanian M, Zhang XJ, Font-Palma 
C. Sorption direct air capture with CO2 utilization. Prog 

Energy Combust Sci. 2023;95:101069. 

doi:10.1016/j.pecs.2022.101069 
36. Agency IE. Energy technology perspectives 2020-special 

report on carbon capture utilisation and storage: CCUS in 

Clean Energy Transitions. OECD Publishing, 2020. 

doi:10.1787/208b66f4-en 
37. Boot-Handford ME, et al. Carbon capture and storage up-

date. Energy Environ Sci. 2014;7(1):130–189. doi: 

10.1201/9781315369853-23 
38. Kuppler RJ, et al. Potential applications of metal-organic 

frameworks. Coord Chem Rev. 2009;253(23–24):3042–

3066. doi:10.1016/j.ccr.2009.05.019 
39. Li J-R, Kuppler RJ, Zhou H-C. Selective gas adsorption and 

separation in metal–organic frameworks. Chem Soc Rev. 

2009;38(5):1477–1504. doi:10.1039/B802426J 
40. Song C, Liu Q, Deng S, Li H, Kitamura Y. Cryogenic-based 

CO2 capture technologies: State-of-the-art developments 

and current challenges. Renew Sustain Energy Rev. 2019; 

101:265–278. doi:10.1016/j.rser.2018.11.018 
41. Brunetti A, Scura F, Barbieri G, Drioli E. Membrane tech-

nologies for CO2 separation. J Memb Sci. 2010;359(1–

2):115–125. doi:10.1016/j.memsci.2009.11.040 
42. Shen M, et al. Cryogenic technology progress for CO2 cap-

ture under carbon neutrality goals: A review. Sep Purif 

Technol. 2022; 299:121734.  
doi:10.1016/j.seppur.2022.121734 

43. Bi Y, Ju Y. Review on cryogenic technologies for CO2 re-

moval from natural gas. Front Energy. 2022:1–19. 

doi:10.1007/s11708-022-0821-0 
44. Knapik E, Kosowski P, Stopa J. Cryogenic liquefaction and 

separation of CO2 using nitrogen removal unit cold en-

ergy. Chem Eng Res Des. 2018;131:66–79. 
doi:10.1016/j.cherd.2017.12.027 

45. Abuelgasim S, Wang W, Abdalazeez A. A brief review for 

chemical looping combustion as a promising CO2 capture 
technology: Fundamentals and progress. Sci Total Envi-

ron. 2021;764:142892.  

doi:10.1016/j.scitotenv.2020.142892 
46. Liu G, Lisak G. Cu-based oxygen carriers for chemical 

looping processes: Opportunities and challenges. Fuel. 

2023;342:127828. doi:10.1016/j.fuel.2023.127828 

47. Daneshmand-Jahromi S, Sedghkerdar MH, Mahinpey N. A 
review of chemical looping combustion technology: Fun-

damentals, and development of natural, industrial waste, 

and synthetic oxygen carriers. Fuel. 2023;341:127626. 
doi:10.1016/j.fuel.2023.127626 

48. Liu F, Liu J, Yang Y. Review on the theoretical understand-

ing of oxygen carrier development for chemical-looping 
technologies. Energy Fuels. 2022;36(17):9373–9384. 

doi:10.1021/acs.energyfuels.2c00961 

49. Ozcan DC, et al. Ca-Cu looping process for CO2 capture 

from a power plant and its comparison with Ca-looping, 

oxy-combustion and amine-based CO2 capture processes. 

Int J Greenh Gas Control. 2015;43:198–212. 

doi:10.1016/j.ijggc.2015.10.021 
50. Abuelgasim S, Wang W, Abdalazeez A. A brief review for 

chemical looping combustion as a promising CO2 capture 

technology: Fundamentals and progress. Sci Total Envi-
ron. 2020:142892. doi:10.1016/j.scitotenv.2020.142892 

51. Yaqub ZT, Oboirien BO, Leion H. Chemical looping com-
bustion (CLC) of municipal solid waste (MSW). J Mater 

Cycles Waste Manag. 2023;25(4):1900–1920. 

doi:10.1007/s10163-023-01674-z 
52. Goel A, Moghaddam EM, Liu W, He C, Konttinen J. Bio-

mass chemical looping gasification for high-quality syn-

gas: A critical review and technological outlooks. Energy 

Convers Manag. 2022; 268:116020.  
doi:10.1016/j.enconman.2022.116020 

53. Norahim N, Yaisanga P, Faungnawakij K, Charinpanitkul 

T, Klaysom C. Recent membrane developments for CO2 
separation and capture. Chem Eng Technol. 

2018;41(2):211–223. doi:10.1002/ceat.201700406 

54. Zach B, Pluskal J, Šomplák R, Jadrný J, Šyc M. Tool for op-
timization of energy consumption of membrane-based 

carbon capture. J Environ Manage. 2022; 320:115913. 

doi:10.1016/j.jenvman.2022.115913 

55. Chen T-Y, Deng X, Lin L-C, Ho WSW. New sterically hin-
dered polyvinylamine-containing membranes for CO2 cap-

ture from flue gas. J Memb Sci. 2022; 645:120195. 

doi:10.1016/j.memsci.2021.120195 
56. Ahmad NNR, Ang WL, Leo CP, Mohammad AW, Hilal N. 

Current advances in membrane technologies for saline 

wastewater treatment: A comprehensive review. Desali-
nation. 2021; 517:115170. doi:10.1016/j.desal.2021.115170 

57. Schlumberger transition technologies case study: natural 

gas processing Petronas gas plant reduces costs with dual-
core acid gas removal membranes. 2022. 

https://www.slb.com/resource-library/case-

study/osf/cynara-pn-1-petronas-malaysia-cs (accessed 

Oct. 25, 2021). 
58. Nogalska A, Trojanowska A, Garcia-Valls R. Membrane 

contactors for CO2 capture processes – Critical review. 

Phys Sci Rev. 2019;2(7). doi:10.1515/psr-2017-0059 
59. Cui Y, Zhao Y, Wang T, Han B. Benzimidazole-linked po-

rous polymers: Synthesis and gas sorption properties. 

Chinese J Chem. 2015;33(1):131–136. 
doi:10.1002/cjoc.201400494 

60. Genduso G, Ghanem BS, Pinnau I. Experimental mixed-gas 

permeability, sorption and diffusion of CO2-CH4 mixtures 

in 6FDA-mPDA polyimide membrane: Unveiling the effect 
of competitive sorption on permeability selectivity. Mem-

branes (Basel). 2019;9(1):10.  

doi:10.3390/membranes9010010 
61. Zhang Y, Sunarso J, Liu S, Wang R. Current status and de-

velopment of membranes for CO2/CH4 separation: A re-

view. Int J Greenh Gas Control. 2013; 12:84–107. 
doi:10.1016/j.ijggc.2012.10.009 

62. Yerzhankyzy A, Wang Y, Ghanem BS, Puspasari T, Pinnau 

I. Gas separation performance of solid-state in-situ ther-
mally crosslinked 6FDA-based polyimides. J Memb Sci. 

2022;641:119885. doi:10.1016/j.memsci.2021.119885 

63. Liu Z, Liu Y, Qiu W, Koros WJ. Molecularly engineered 

6FDA-based polyimide membranes for sour natural gas 
separation. Angew Chemie Int Ed. 2020;59(35):14877–

14883. doi:10.1002/anie.202003910 

64. Farrokhara M, Dorosti F. New high permeable polysul-
fone/ionic liquid membrane for gas separation. Chinese J 

Chem Eng. 2020;28(9):2301–2311. 

doi:10.1016/j.cjche.2020.04.002 
65. Porcheron F, et al. Hollow fiber membrane contactors for 

CO2 capture: From lab-scale screening to pilot-plant mod-

ule conception. Energy Procedia. 2011;4:763–770. 

doi:10.1016/j.egypro.2011.01.117 

66. Fashandi H, Ghodsi A, Saghafi R, Zarrebini M. CO2 absorp-

tion using gas-liquid membrane contactors made of highly 

porous poly(vinyl chloride) hollow fiber membranes. Int J 
Greenh Gas Control. 2016;52:13–23. 

doi:10.1016/j.ijggc.2016.06.010 

67. Fu H, Xue K, Li Z, Zhang H, Gao D, Chen H. Study on the 
performance of CO2 capture from flue gas with ceramic 

https://doi.org/10.15826/chimtech.2023.10.4.03
https://doi.org/10.15826/chimtech.2023.10.4.03
https://doi.org/10.1177/0958305X211050984
https://doi.org/10.1016/j.ces.2006.01.023
https://doi.org/10.1002/ente.201600747
https://doi.org/10.1016/j.pecs.2022.101069
https://doi.org/10.1787/208b66f4-en
https://doi.org/10.1016/j.ccr.2009.05.019
https://doi.org/10.1039/B802426J
https://doi.org/10.1016/j.rser.2018.11.018
https://doi.org/10.1016/j.memsci.2009.11.040
https://doi.org/10.1016/j.seppur.2022.121734
https://doi.org/10.1007/s11708-022-0821-0
https://doi.org/10.1016/j.cherd.2017.12.027
https://doi.org/10.1016/j.scitotenv.2020.142892
https://doi.org/10.1016/j.fuel.2023.127828
https://doi.org/10.1016/j.fuel.2023.127626
https://doi.org/10.1021/acs.energyfuels.2c00961
https://doi.org/10.1016/j.ijggc.2015.10.021
https://doi.org/10.1016/j.scitotenv.2020.142892
https://doi.org/10.1007/s10163-023-01674-z
https://doi.org/10.1016/j.enconman.2022.116020
https://doi.org/10.1002/ceat.201700406
https://doi.org/10.1016/j.jenvman.2022.115913
https://doi.org/10.1016/j.memsci.2021.120195
https://doi.org/10.1016/j.desal.2021.115170
https://www.slb.com/resource-library/case-study/osf/cynara-pn-1-petronas-malaysia-cs
https://www.slb.com/resource-library/case-study/osf/cynara-pn-1-petronas-malaysia-cs
https://doi.org/10.1515/psr-2017-0059
https://doi.org/10.1002/cjoc.201400494
https://doi.org/10.3390/membranes9010010
https://doi.org/10.1016/j.ijggc.2012.10.009
https://doi.org/10.1016/j.memsci.2021.119885
https://doi.org/10.1002/anie.202003910
https://doi.org/10.1016/j.cjche.2020.04.002
https://doi.org/10.1016/j.egypro.2011.01.117
https://doi.org/10.1016/j.ijggc.2016.06.010


Chimica Techno Acta 2023, vol. 10(4), No. 202310403 REVIEW 

 11 of 12 DOI: 10.15826/chimtech.2023.10.4.03

   

and PTFE membrane contactors. Energy. 2023;263. 
doi:10.1016/j.energy.2022.125677 

68. Lawal SO, Yu L, Nagasawa H, Tsuru T, Kanezashi M. A 

carbon-silica-zirconia ceramic membrane with CO2 flow-
switching behaviour promising versatile high-tempera-

ture H2/CO2 separation. J Mater Chem A. 

2020;8(44):23563–23573. doi:10.1039/d0ta07065c 

69. Zhu M, et al. Influences of acid post-treatment on high sil-
ica SSZ-13 zeolite membrane. Ind Eng Chem Res. 

2019;58(31):14037–14043. doi:10.1021/acs.iecr.9b01250 

70. Li G, et al. Permeation characteristics of a T-type zeolite 
membrane for bio-oil pervaporation dehydration. Mi-

croporous Mesoporous Mater. 2021;315:110884. 

doi:10.1016/j.micromeso.2021.110884 
71. Pagliero M, Bottino A, Comite A, Costa C. Novel hydropho-

bic PVDF membranes prepared by nonsolvent induced 

phase separation for membrane distillation. J Memb Sci. 

2020;596:117575. doi:10.1016/j.memsci.2019.117575 
72. Lee HJ, Kim MK, Park JH, Magnone E. Temperature and 

pressure dependence of the CO2 absorption through a ce-

ramic hollow fiber membrane contactor module. Chem 
Eng Process Process Intensif. 2020;150:107871. 

doi:10.1016/j.cep.2020.107871 

73. Kim S, Scholes CA, Heath DE, Kentish SE. Gas-liquid mem-
brane contactors for carbon dioxide separation: A review. 

Chem Eng J. 2021;411:128468. 

doi:10.1016/j.cej.2021.128468 
74. Lee Y, Park Y-J, Lee J, Bae T-H. Recent advances and 

emerging applications of membrane contactors. Chem Eng 

J. 2023;461:141948. doi:10.1016/j.cej.2023.141948 

75. Zainuddin MIF, Ahmad AL. Mixed matrix membrane de-
velopment progress and prospect of using 2D nanosheet 

filler for CO2 separation and capture. J CO2 Util. 

2022;62:102094. doi:10.1016/j.jcou.2022.102094 
76. Nord LO, Bolland O. Carbon dioxide emission manage-

ment in power generation. John Wiley & Sons, 2020. 

doi:10.1002/9783527826667 
77. Goh SH, Lau HS, Yong WF. Metal–organic frameworks 

(MOFs)-based mixed matrix membranes (MMMs) for gas 

separation: a review on advanced materials in harsh envi-

ronmental applications. Small. 2022;18(20):2107536. 
doi:10.1002/smll.202107536 

78. Chao C, Deng Y, Dewil R, Baeyens J, Fan X. Post-combus-

tion carbon capture. Renew Sustain Energy Rev. 
2021;138:110490. doi:10.1016/j.rser.2020.110490 

79. Tai ZS, et al. Development of hydrophobic polymethylhy-

drosiloxane/tetraethylorthosilicate (PMHS/TEOS) hybrid 
coating on ceramic membrane for desalination via mem-

brane distillation. J Memb Sci. 2021;637:119609. 

doi:10.1016/j.memsci.2021.119609 
80. Alftessi SA, et al. Omniphobic surface modification of sil-

ica sand ceramic hollow fiber membrane for desalination 

via direct contact membrane distillation. Desalination. 

2022;532:115705. doi:10.1016/j.desal.2022.115705 
81. Gong H, Pang H, Du M, Chen Z. Fabrication of a superhy-

drophobic mixed matrix PVDF-SiO2-HDTMS hollow fiber 

membrane for membrane contact carbon dioxide absorp-
tion. Clean Eng Technol. 2021;5:100278. 

doi:10.1016/j.clet.2021.100278 

82. Lin YF, Kuo JW. Mesoporous bis(trimethoxysilyl)hexane 
(BTMSH)/tetraethyl orthosilicate (TEOS)-based hybrid sil-

ica aerogel membranes for CO2 capture. Chem Eng J. 

2016;300:29–35. doi:10.1016/j.cej.2016.04.119 

83. Abdulhameed MA, et al. Carbon dioxide capture using a 

superhydrophobic ceramic hollow fibre membrane for 

gas-liquid contacting process. J Clean Prod. 

2017;140:1731–1738. doi:10.1016/j.jclepro.2016.07.015 
84. Zhang X, Song Z, Gani R, Zhou T. Comparative economic 

analysis of physical, chemical, and hybrid absorption pro-

cesses for carbon capture. Ind Eng Chem Res. 
2020;59(5):2005–2012. doi:10.1021/acs.iecr.9b05510 

85. Fang M, Yi N, Di W, Wang T, Wang Q. Emission and con-
trol of flue gas pollutants in CO2 chemical absorption sys-

tem – A review. Int J Greenh Gas Control. 

2020;93:102904. doi:10.1016/j.ijggc.2019.102904 
86. Madejski P, Chmiel K, Subramanian N, Kuś T. Methods 

and techniques for CO2 capture: review of potential solu-

tions and applications in modern energy technologies. En-

ergies. 2022;15(3):887. doi:10.3390/en15030887 
87. Elhambakhsh A, Keshavarz P. Effects of different amin-

based core-shell magnetic NPs on CO2 capture using NMP 

solution at high pressures. J Nat Gas Sci Eng. 
2020;84:103645. doi:10.1016/j.jngse.2020.103645 

88. Ochedi FO, Yu J, Yu H, Liu Y, Hussain A. Carbon dioxide 

capture using liquid absorption methods: a review. Envi-
ron Chem Lett. 2021;19(1):77–109.  

doi:10.1007/s10311-020-01093-8 

89. Khalifa O, Alkhatib III, Bahamon D, Alhajaj A, Abu-Zahra 

MRM, Vega LF. Modifying absorption process configura-
tions to improve their performance for Post-Combustion 

CO2 capture – What have we learned and what is still 

Missing? Chem Eng J. 2022;430:133096. 
doi:10.1016/j.cej.2021.133096 

90. Patel HA, Byun J, Yavuz CT. Carbon dioxide capture adsor-

bents: chemistry and methods. ChemSusChem. 
2017;10(7):1303–1317. doi:10.1002/cssc.201601545 

91. Lam MK, Lee KT, Mohamed AR. Current status and chal-

lenges on microalgae-based carbon capture. Int J Greenh 
Gas Control. 2012;10:456–469. 

doi:10.1016/j.ijggc.2012.07.010 

92. Carchini G, Hussein I, Al-Marri M. J, Shawabkeh R, Apari-

cio S. A theoretical study of gas adsorption on calcite for 
CO2 enhanced natural gas recovery. 3rd EAGE WIPIC 

Work. Reserv Manag Carbonates. 2019;504:144575. 

doi:10.3997/2214-4609.201903135 
93. Raganati F, Chirone R, Ammendola P. CO2 Capture by tem-

perature swing adsorption: working capacity as affected 

by temperature and CO2 partial pressure. Ind Eng Chem 
Res. 2020;59(8):3593–3605. 

doi:10.1021/acs.iecr.9b04901 

94. Hussin F, Aroua MK. Recent trends in the development of 

adsorption technologies for carbon dioxide capture: A 
brief literature and patent reviews (2014–2018). J Clean 

Prod. 2020;253:119707. doi:10.1016/j.jclepro.2019.119707 

95. Babar M, Bustam MA, Maulud AS, Ali A, Mukhtar A, Ullah 
S. Enhanced cryogenic packed bed with optimal CO2 re-

moval from natural gas; a joint computational and experi-

mental approach. Cryogenics (Guildf). 2020;105:103010. 
doi:10.1016/j.cryogenics.2019.103010 

96. Pellegrini LA, De Guido G, Ingrosso S. Thermodynamic 

framework for cryogenic carbon capture. in computer 
aided chemical engineering. Elsevier. 2020:475–480. 

doi:10.1016/B978-0-12-823377-1.50080-X 

97. Sukor NR, Shamsuddin AH, Mahlia TMI, Isa MFM. Techno-

economic analysis of CO2 capture technologies in offshore 
natural gas field: Implications to carbon capture and stor-

age in Malaysia. Processes. 2020;8(3):350. 

doi:10.3390/pr8030350 
98. Yan Y, Wang K, Clough PT, Anthony EJ. Developments in 

calcium/chemical looping and metal oxide redox cycles 

for high-temperature thermochemical energy storage: A 
review. Fuel Process Technol. 2020;199:106280. 

doi:10.1016/j.fuproc.2019.106280 

99. Osman M, Khan MN, Zaabout A, Cloete S, Amini S. Review 

of pressurized chemical looping processes for power gen-

eration and chemical production with integrated CO2 cap-

ture. Fuel Process Technol. 2021;214:106684. 

doi:10.1016/j.fuproc.2020.106684 
100. Lyngfelt A. Chemical looping combustion: status and de-

velopment challenges. Energy Fuels. 2020;34(8):9077–

9093. doi:10.1021/acs.energyfuels.0c01454 
101. Khan MN, Chiesa P, Cloete S, Amini S. Integration of 

chemical looping combustion for cost-effective CO2 

https://doi.org/10.15826/chimtech.2023.10.4.03
https://doi.org/10.15826/chimtech.2023.10.4.03
https://doi.org/10.1016/j.energy.2022.125677
https://doi.org/10.1039/d0ta07065c
https://doi.org/10.1021/acs.iecr.9b01250
https://doi.org/10.1016/j.micromeso.2021.110884
https://doi.org/10.1016/j.memsci.2019.117575
https://doi.org/10.1016/j.cep.2020.107871
https://doi.org/10.1016/j.cej.2021.128468
https://doi.org/10.1016/j.cej.2023.141948
https://doi.org/10.1016/j.jcou.2022.102094
https://doi.org/10.1002/9783527826667
https://doi.org/10.1002/smll.202107536
https://doi.org/10.1016/j.rser.2020.110490
https://doi.org/10.1016/j.memsci.2021.119609
https://doi.org/10.1016/j.desal.2022.115705
https://doi.org/10.1016/j.clet.2021.100278
https://doi.org/10.1016/j.cej.2016.04.119
https://doi.org/10.1016/j.jclepro.2016.07.015
https://doi.org/10.1021/acs.iecr.9b05510
https://doi.org/10.1016/j.ijggc.2019.102904
https://doi.org/10.3390/en15030887
https://doi.org/10.1016/j.jngse.2020.103645
https://doi.org/10.1007/s10311-020-01093-8
https://doi.org/10.1016/j.cej.2021.133096
https://doi.org/10.1002/cssc.201601545
https://doi.org/10.1016/j.ijggc.2012.07.010
https://doi.org/10.3997/2214-4609.201903135
https://doi.org/10.1021/acs.iecr.9b04901
https://doi.org/10.1016/j.jclepro.2019.119707
https://doi.org/10.1016/j.cryogenics.2019.103010
https://doi.org/10.1016/B978-0-12-823377-1.50080-X
https://doi.org/10.3390/pr8030350
https://doi.org/10.1016/j.fuproc.2019.106280
https://doi.org/10.1016/j.fuproc.2020.106684
https://doi.org/10.1021/acs.energyfuels.0c01454


Chimica Techno Acta 2023, vol. 10(4), No. 202310403 REVIEW 

 12 of 12 DOI: 10.15826/chimtech.2023.10.4.03

   

capture from state-of-the-art natural gas combined cycles. 
Energy Convers Manag X. 2020;7:100044. 

doi:10.1016/j.ecmx.2020.100044 

102. Shah C, Raut S, Kacha H, Patel H, Shah M. Carbon capture 
using membrane-based materials and its utilization path-

ways. Chem Pap. 2021;75(9):4413–4429. 

doi:10.1007/s11696-021-01674-z 

103. Sanni ES, Sadiku ER, Okoro EE. Novel systems and mem-
brane technologies for carbon capture. Int J Chem Eng. 

2021. doi:10.1155/2021/6642906 

104. Patil T, Dharaskar S, Sinha M, Jampa SS. Effectiveness of 
ionic liquid-supported membranes for carbon dioxide cap-

ture: a review. Environ Sci Pollut Res. 

2022;29(24):35723–35745.  
doi:10.1007/s11356-022-19586-0 

105. Kammerer S, Borho I, Jung J, Schmidt MS. Review: CO2 

capturing methods of the last two decades. Int J Environ 

Sci Technol. 2023;20(7):8087–8104.  
doi:10.1007/s13762-022-04680-0 

Most significant cited papers 

1. Hafeez S, et al. CO2 capture using membrane contactors: a 

systematic literature review. Front Chem Sci Eng. 

2021;15(4):720–754. doi:10.1007/s11705-020-1992-z 

2. Madejski P, Chmiel K, Subramanian N, Kus T. Methods 
and techniques for CO2 capture: review of potential. Ener-

gies. 2022;15:887. doi:10.3390/en15030887 

3. Georgiadis AG, Charisiou ND, Goula MA. Removal of hy-
drogen sulfide from various industrial gases: A review of 

the most promising adsorbing materials. Catal. 

2020;10(5). doi:10.3390/catal10050521 

4. Zaman M, Lee JH. Carbon capture from stationary power 
generation sources: A review of the current status of the 

technologies. Korean J Chem Eng. 2013;30(8):1497–1526. 

doi:10.1007/s11814-013-0127-3 
5. Song C, Liu Q, Deng S, Li H, Kitamura Y. Cryogenic-based 

CO2 capture technologies: state-of-the-art developments 

and current challenges. Renew Sustain Energy Rev. 

2019;101:265–278. doi:10.1016/j.rser.2018.11.018 
6. Daneshmand-Jahromi S, Sedghkerdar MH, Mahinpey N. A 

review of chemical looping combustion technology: Fun-

damentals, and development of natural, industrial waste, 
and synthetic oxygen carriers. Fuel. 2023;341:127626. 

doi:10.1016/j.fuel.2023.127626 

7. Yaqub ZT, Oboirien BO, Leion H. Chemical looping com-
bustion (CLC) of municipal solid waste (MSW). J Mater 

Cycles Waste Manag. 2023;25(4):1900–1920. 

doi:10.1007/s10163-023-01674-z 

8. Goh SH, Lau HS, Yong WF. Metal–organic frameworks 
(MOFs)-based mixed matrix membranes (MMMs) for gas 

separation: a review on advanced materials in harsh envi-

ronmental applications. Small. 2022;18(20):2107536. 
doi:10.1002/smll.202107536 

9. Carchini G, Hussein I, Al-Marri MJ, Shawabkeh R, Aparicio 

S. A theoretical study of gas adsorption on calcite for CO2 
enhanced natural gas recovery. 3rd EAGE WIPIC Work. 

Reserv Manag Carbonates. 2019;504:144575. 

doi:10.3997/2214-4609.201903135 
10. Shah C, Raut S, Kacha H, Patel H, Shah M. Carbon capture 

using membrane-based materials and its utilization path-

ways. Chem Pap. 2021;75(9):4413–4429. 

doi:10.1007/s11696-021-01674-z 

 

https://doi.org/10.15826/chimtech.2023.10.4.03
https://doi.org/10.15826/chimtech.2023.10.4.03
https://doi.org/10.1016/j.ecmx.2020.100044
https://doi.org/10.1007/s11696-021-01674-z
https://doi.org/10.1155/2021/6642906
https://doi.org/10.1007/s11356-022-19586-0
https://doi.org/10.1007/s13762-022-04680-0
https://doi.org/10.1007/s11705-020-1992-z
https://doi.org/10.3390/en15030887
https://doi.org/10.3390/catal10050521
https://doi.org/10.1007/s11814-013-0127-3
https://doi.org/10.1016/j.rser.2018.11.018
https://doi.org/10.1016/j.fuel.2023.127626
https://doi.org/10.1007/s10163-023-01674-z
https://doi.org/10.1002/smll.202107536
https://doi.org/10.3997/2214-4609.201903135
https://doi.org/10.1007/s11696-021-01674-z

